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DETECTING PRIONS IN A SAMPLE AND PRION 
PREPARATION AND TRANSGENIC ANIMAL USED FOR SAME 

5 

Government Rights 

The United States Government may have certain 
rights in this application pursuant to Grant Nos. 
NS14069, AG02132, NS22786, AG08967 and AG10770 awarded by 

10 the National Institutes of Health. 
Field of the Invention 

This invention relates generally to chimeric 
genes, methods of assaying and to transgenic animals used 
in such assays. More specifically, this invention 

15 relates to artificial and chimeric PrP genes, assaying 
samples for pathogenic prions, standardized prion 
preparations used in such assays and to transgenic mice 
and hybrid transgenic mice which can be infected which 
prions which generally only infect a genetically diverse 

20 species. 

Background of the Invention 

Prions are infectious" pathogens that cause central 
nervous system ' spdrigii'o^rm' encepliaflopiK'fchies in humans and 
animals . Prions are -distinct- f rom bacteria , viruses and 

2 5 viroids. The predominant hypothesis at present is ' that 
94 : ' % '; J- V: 

no , nucleic acid component is necessary for infectivity of 
priori, protein- Further, a priori which infects one 
species of. : animal (e.g., a human) will not infeet another 

30 (©-g* /' a mouse) - 

^! A Smajor step in the study of prions and the 
diseases that they cause was the discovery and 
purification of a protein designated prion protein 
("PrP") [Bolton et al., Science 218:1309-11 (1982); 

35 Prusiner et al., Biochemistry 21:6942-50 (1932); McKinley 

SUBSTITUTE SHEET (RULE 26) 
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et al., Cell 35:57-62 (1983)]. Complete prion protein- 
encoding genes have since been cloned, sequenced and 
. expressed in transgenic animals. PrP c is* encoded by a 
single -copy host gene [Basler et al., Cell 46:417-28 
5 . {1986}] and is normally found at the outer surface of 
. neurons. A leading hypothesis- is that prion diseases 
result from conversion of. PrP c . into a modified form called 
PrP Sc . . However > the actual biological or physiological 
function of .PrP c is not known., 

10 / It appears that the ; scrapie isoform of the prion 

protein (PrP Sc ) is necessary", for both the transmission and 
pathogenesis of the transmissible neurodegenerative 
diseases of animals and humans. See Prusiner , S .B . , 
: "Molecular biology of - prion disease ; 11 : Science 252:1515- 

15 1522 (1991). The most common prion diseases of animals 
are scrapie of sheep and goats and bovine spongiform 
encephalopathy* (SSE-). of cattle [Wilesrnith, -J. and Wells, 
Microbiol. Immunol. 272:21-38 (1991)] .-• Four prion 
diseases of humans have been, identified: (1) kuru, 

20 (2) Creutsfeldt- Jakob Disease (CJD) ,. (3) Gerstmann- 

Strassler-Scheinker Disease ; (G5S) , and (4) fatal familial 
insomnia - (FFI) [Gajdusek, .D. C> > S cien ce 157:943-960 
(1977); Medcri et al., N. Engl . J.-. -Med. 32^:444-449 
. (1992) ] The presentation of human prion diseases as 

25 sporadic, genetic and infectious illnesses initially 
posed a conundrum .which has been explained by the 
cellular genetic origin of PrP. 

Most CJD cases are sporadic, but- about 10-15% are 
inherited as autosomal dominant disorders that are caused 

30 by mutations . in the human PrP gene [Hsiao et al., 

Neurology 40:1820-1827 (1990); Goldfarb et al., Science 
258:806-808 (1992); Kitamoto et al . , Proc . R .. Soc . Lond . 
(In press) (1994)]. Iatrogenic CJD,has been caused by 
, human growth hormone derived from cadaveric pituitaries 

35 : as well, as dura mater grafts [Brown et al . , Lanc et 
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340:24-27 (1992)-]. Despite numerous attempts, to link CJD 
to an infectious source stich as^the ^consumption, of 
scrapie infected shefep meat , • noine ; has been -identified to 
date [Harries- Jones et al J".- Neurol-. MSTeurosurcr, 
5 Psychiatry 51 : 1113-111-9 ' 0'1988-j Kexcept ~xn cases of 

iatrogenically induced di~se&£fc . - On«rthe other hand, kuru, 
which for many decades^ devastated 5 the Fore and ; 
neighboring tribe's -of the New Guinea highlands, is 
believed to have been spread by^ infection during 
10 rituklistic -cannib&lism ? [Alpers, r M.:P* \\ Slow Transmissible 
Diseases of- the Nervous iSystent -.v Vol / ~I , : S . B ; Prusiner and 
W ; J . HadloW, eds *- : (New^ York -Academic -:Bress) , . pp ; 66-90 
(1979K]. r --^ • : ; . 

.;J .-"^rhe - initial ^transmission "of- CJD to experimental 
15 : "primates hias a -rich; hi¥t^)Ty beginning with William 
■ : : 'Ha&low' J s recognition- ^he^simil^rity ^between?kur^ and 
'* Scrapie ^Ifir 1 '1<9I>9\ Hadlow^ suggested dhat- extracts 

•prepared -from patifentis dyin^ of.^ku^u^be„ ino.culaLtfed into 
non-human 'prim^¥^ t Mid : ^ttat"^-tli J e ; : anlmals"be observed for 
2 0 -disease -that was^ predrdtred^ td^ " dd<iur af ter . a r prolonged 
v - 'incubation period' : fHadl^W v W";\T;v Miandet -2: 283^290 

- (1959) ] 1 Sevehr-year& latezr, 1 -Gajdusek; "^Gibbs *«and ; Alpers 
' ''demonstrated. the.. transl£issibi lity ~ : of "-kurti to^ Erhimpanzees 
"after incubat ion periods' ranging s 3f O'rm -1 8 to ' 21 - months 
25 ' iGajdusek et al. -, Nature 209 s7W -796> U 966) ]OoThe r :. 

similarity bf the neuropathology of 4turu with- -that of CJD 
[Klatzo et al., Lab : I-rivest . -8h 739- 847 "il959) ) ' promoted 
sitniTair experiments^ with chimpanzees 1 and 'transmissions of 
disease wfere reported in 1968; fGibbs, : Jr . /et al. v Science 
30 261:388-389 -(1968) K Over-'the lias t 25 years r about 300 
' --'cases of : CJD/ kuru and GSS have been transmitted* to a 
■ ~ variety, of . apes and monkeys-- 

The ^expense, scarcity and "often perceived 
inhumanity of Such experiments have .restricted this work 
35 and thus limited the accumulation of knowledge. While 
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the most -reliable transmission data has been said to 
emanate from studies using non-human primates, some cases 
of human prion disease have been transmitted to rodents 
' but apparently with less regularity [Gibbs, j r . et al., 
5 Slow Transmissible Diseases of the Nervous System , 

Vol. 2~, S.B. Pr'usiner ,and W. J. Hadlow, eds . (New York; 
Academic Press), pp. 87-110 (1979); Tateishi.et al., 
Priori Diseases of Humans and Animals . Prusiner et al . , 
eds. (London r Ellis Horwood) , . pp.. 129-134 (1992)]. 

10 The infrequent transmission of human prion disease 

to rodents, has been cited as an example of the "species 
barrier." first described by Patti'sori in his studies of 
passaging the scrapie agentr between sheep and rodents 
[Pattison, I.H., NINDB Monograph 2 ,: :D . C . Gajdusek, 

15 C.J. Gibbs Jr. and M.P. Alpers, s&s. (Washington, D.C.: 
... U.S. Government Printing) , pp. 249-257 (1965) L. In those 
investigations, the ^initial passage of -prions from one 
species to another was associated -with a rprolonged 
incubation time .with only a f aw animals, developing 

2G illness. . Subsequent passage in ,the : same species was 
characterized by. all the animals becoming ill after 
greatly shortened incubation times. 

- The molecular .basis for the species, barrier 
between Syrian hamster (SHa) /and mouse was shown to 

25 reside in the sequence of the PrP gene using transgenic 

(Tg) : mice [Scott et al . , Cell 59:847-857 (1989)] . SHaPrP 
differs "from MoPrP at 16 positions out of 254 amino acid 
residues [Basler et al.., Cell 46:417-428 . (1986) ; Locht 
et al. , Proc. Natl. Acad. Sci. USA 83:6372-6376 (1986)] . 

3 0 Tg(SHaPrPL mice expressing /SHaPrP had : abbreviated 

incubation times when, inoculated with SHa prions. When 
similar studies were performed with mice expressing the 
human, or ovine PrP transgenes, the species barrier was 
not abrogated, i.e., the percentage of animals which 

35 became infected were unacceptably low. and the incubation 
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times were unacceptably long. . Thus, it- has not been 
possible, for example in the case ^ofi human prions, to use 
transgenic animals v-(*s.uch as .-mice containing?, a ;PrP gene of 
another species), to reliably test a sample^ to- determine 
5 if that sample „is irif ected jviJCh 

of the health risk resulting tSrom the l^cjs of such a test 
is exemplified below. j. : ■ - - * " .\ - - : , t 

More than - 4.5 ypjungf: adults previously treated with 
HGH derived from human pituit J aries Ihave: developed CJD 
10 EKoch et^al/;: N; End:. 3.± j Med . .o 3:23 : 7 3 1 - 7 3 3 (1985); Brown 

- et al-, X.ancet 340 : 24 -27 (1992)-; ^Fradkin^ et^ ral~. JAMA 
^5:8-80-&84; (1991):; ^Buchanan: et at.,: Br.- Med-. .302:824- 

; 828 (i&Sl^)--}:- Fortunately,, .-recombinant :3K3If-. now. used, 
alt-hough the ^seetainglx^r^ raised 
15 that increased ^expression of wtPrP c stimulated by, higii HGH 
' might i induce <pr£scfirf disease- :> LLasmezas »et.~ al ;■:> Biochem. 
teiophye ■. - 3fces~> Communv iS6i 1:163 t1169 (1093^]^ That the 
HGH - prepared from pit uitariesvvas ^contaminated -with 
prions- ; i£' suj5por-t£ed f iiy -the ^transmission iOf> prion: disease 
2 0 -'to ^"TrtOiikey>*66 rirtoYiths -^f ter oinooulatiort wit-h :a. jsuspect 
l6t- of HGH ' [t3ibfc^;- .:j^ :ettal. ,.. Engl - : J si Med >- : 328 : 3 58 - 
359 (1993)]. Th£-long* : incubation vtimea\asspfciat;ed with 
prion ■'■ diseases willmot: reveal^Jthe- full- extent of 
" iatrogenic CJD "for -decades in:thousands;\o;f rpeople treated 
25 with HGH worldwide. ."Iatrogenie,:€JD also appeals ; to have 
^ developed ' in - four ^infertile women treated .with : -> : , 

- contaminated -human pituitaryrderived gonado.tirophin 
hormone fHealy - et al . Br . J. Med; 3P7:-517 ? -518 . (1993) ; 
Cochius ^t' ; al : , Aust .• . N . Z : J>. Med, ;. 20 : 592 -593 (1990) ; 

30 Ccfichius efc-al^ J. -Neurol. Neurosurg. Psychiatry 55:1094- 
1095V (1992*).] as - well .as at , least In patients receiving 
dmfa- "mater grafts [Nisbet et al . , J. Am.- Med. Assoc. 
^avlllS '{1989)v Thadani et al. J> Neurosurg, 69:766-769 
(1988 ) ; :Willison et al ., J. Neurosurg.. Psychiatric 54:940 

35 (1991); Brown et al., - Lancet 340: 24-27 (1992 )] . These 
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cases of iatrogenic CJD underscore the need for screening 
pharmaceuticals that might possibly be contaminated with 
; prions . 

■ Recently^ two doctors in France were charged with 

. .5 „ involuntary manslaughter, of a child who had been treated 
with growth hormones extracted from corpses. The child 
developed Creujzzf eldt- Jakob Disease, (See New Scientist . 
July 31, 1993, page 4) . According to the Pasteur 
Institute, since 1989 there -have been 24 reported cases 

10 of CJD in young people who were, treated with , human growth 
hormone between 1983- and mid* 1.985. : * Fifteen of these 
children have died. It now appears as though hundreds of 
children -in France have been treated with growth . hormone 
extracted from dead bodies- at .the risk of developing CJD 

15 (see New -Scientist , - November . 20, 1993 , page 10.) In 
view ofisuch, there- clearly is a. need for a convenient, 
cost-effective assay for , testing sample materials for the 
. presence of prions which cause CJTk .The present 
invention offers such an assay. - 

2 0 Summary of the Invention 

The invention, comprises a standardized prion 
preparation,- chimeric PrP genes with mutation codons, 
transgenic mice which can be. used in preparing such a 
standardized preparation and methods of testing samples 

25 using the preparation and transgenic mice. In order to 
produce the standardized prion preparation it is 
necessary to produce a group of 
non-human host mammals which have their genome 
manipulated with respect. to genetic material related to a 

3G PrP gene such that the mammals are susceptible to 

infection with a prion which generally only infects an 
animal which is- genetically diverse from the host. The 
transgenic host animals produced are inoculated with a 
prion containing composition and the animals are observed 
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until they exhibit symptoms of prion infection. • Brain 
tissue is harvested from the animals and homogenized to 
create the standardized prion preparation. This process 
can be repeated one more time using homogenized brain 
5 tissue of the last inoculated -group' to inoculate - a new 
group and thereby further standardize the .preparation and 
reduce any irregularities that- anight ; be created by the 
composition of 7 the initial priolnt: inoculation composition. 
Different forms'- of tranisgetoic ^animals- can bemused in the 

10 production of different preparations -and tw6~* or" more 
different standardized preparation can- ±>e mixed. 
Howeve'r, it is preferable to produce the preparation 
■ using- al n&fi-* human^ mammal^ -which- has" -its "endogenous PrP 
gene N ablated" and includes ^n exogenous' ?Pf F gene . which can 

15 be the PrP^gerie from a- genetically-, divetrseLrispeeies , an 
artificial : PrP gene which-'^ihcludes a portidn of the PrP 
gene- cf a' genetically- diverge Specfies 03? - a - completely 
artificial -PrP gerie. test" featnplies" £br the ^presence of 

prions two sets of nori- human t^an^fe'rtic^ iftSmmalg are 

2 0 prepared. Both sets of mammals are designed so that they 
are susceptible to inf ect iTohlwhy^p'rionsLWliich .would 
normally : only ; -inf dct -a : -g^netieaily- diverse species . The 
first * 'set" of " an-imals° ; are 'lLhoCuIat6d--with a^staitdard prion 
-preparation and 1 t-he c: sec£>nd~ : 'set~ inoculated ^-With the 

25 ^fest- WairipleV Both s^ts : are J observed; ctod 'the --set- of 
-mammais Which is^lnbeulatefd- with a -standard prion < 
preparation is-- feed as- sl- cont^ol^."- 1 If" the gl?dup of 
animals inoculated with the test- sample' develop symptoms 
of pribft" 'infection then the -tester can deduce that the 

3 G' sample includes prions. If the : ~*jr-oup" inoculated- with the 
test sample' does not develop symptdmsf of prion disease 
and che group inoculated with the standard prion 
preparation* does then the absence of prions in the sample 
is deduced. 
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The .invention includes a chimeric. artificial 
. PrP gene comprising portions of the host .animal e.g., end 
portions of a -host.: animal- and a middle portion of a 
genetically* diverse test animal wherein the middle 
5 portion includes a specif ic ^alterations designed to match 
that of :a disease state of .-such a host. Further, the 
invention includes, a -transgenic animal containing the 
artificial gene ~or elevated expression of a PrP gene from 
j3l genetically diverse animal, -hybrid- transgenic animals 
10 which are the offspring of : „dif f erent transgenic animals 
with each other or with a transgenic animal that has an 
ablated endogenous prion .."protein gene/ a> standardized 
prion preparation and assay -methodology, which uses the 
preparation and genetically altered animals to detect 
15 pathogenic prions in a sample /- - t- . 

The artif icial: gene includes a . sequence such that 
when it is. inserted into the genome of an animal (such as 
a mouse)./ the animal is rendered susceptible to infection 
with prions "which normally would infect .only a specific 
20 species of genetically diverse animal. : (such as a human, 
cow, sheep, pig, chicken, cat or dog) . The artif icial 
. PrP gene may be -comprised partially or completely of an - 
artificial 'polynucleotide ..sequence, i*^e- codon sequences 
not. present in any native PrP gene sequence. 
25. Alternatively, the artificial gene may be comprised of 
. the eodon sequence of a host animal with one or more 

codon substitutions being :made- wherein the substitutions 
are preferably corresponding PrP gene codons from a 
genetically diverse animal, meaning that PrP gene differs 
3 0 from the PrP gene of the host animal, by 2 0 or more 
' codons. Transgenic animals containing elevated levels of 
expression of the PrP gene which can be obtained for 
example, by over expression of the gene with an enhanced 
promoter and/or with high copy: numbers of the natural PrP 
35 gene of a genetically diverse animal are also disclosed. 
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Hybrid transgenic animals, include, animals resulting from 
a cross between two transgenic animals and in- particular 
a cross .between a transgenic ^animal [containing; the entire 
prion proteiir rjgene* of a genetically .-diverse animal (e.g., 
5 a mouse- -containing -a human prion .protein, gene )i and an 
animal with its endogenous prion protein gene disrupted 
; (e-.g.,:: a mouse, with an^~ablated prion protein gene):.. 
Hybrids also specifically ^include crossing ;a transgenic 
animal having' a chimeric prion -protein gene: with an 

10 animal .-with: its: endogenous prion- pirote in gene- ablated. 

Genetics construct© and*' methodologies^ of .the 
-invention^ are. used ^toe create: -animal $ .--which due tto their 
genetic make, -up _Wi.ll ^devjelop disea-se.; from ^inoculation 
with prions Which -would ^generally ;.only infect: a^r^ 

15 genetically diverse andimarl.p e.g. , £a. mouse .of [ the . ; 

invent ion ;:will consistently, b&comel infected with prions 

- i which generally wiil conly xnf ect 1 . a .human -and- symptoms of 

- 5 the inteatdjom-will become ^apparent :in .a. ;shortt period 

■= ■', . e .g. , 35,Ih days^ or: less::-- \TKe ranimala/of the .invention are 
2Q : used -in assays:. to; test: ^samples ofc :any ^given::material to 
■ i. determine r if the. ^material includies prions; which -would 
. inf ect another animal, "itsucte -as: .£:-:;human) bif - the material 
.- .r were ingested or injected ;>c ^Standardized ..priori \ " > 
preparations raf > the inveint-ion eare : rused to rinoculate 
25 animals o£ : the .Invention :to :creater controls r.when -carrying 
out an assay of the. invention . The standardized prion 
. preparation' will; always^ contain prions which will ■„ infect 
a genetically modified animal of the invention which 
animal will, develop- clinical signs- <:of CNS dysfunction 
30 within a 'set period of time. •"-*>.• 

In one preferred example the mouse genome . includes 
a chimeric PrP gene which, gene includes a portion, of a 
gene of r. the animal (e.g. 'human), in -danger of- infection 
from prions in. the sample . For j example, Creutzfeldt 
35 Jakob Disease- (CJD) is a fatal neurodegenerative disease 
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of humans caused by prions. Preferred transgenic (Tg) 
mice disclosed herein express a chimeric prion protein 
(PrP) in which a segment of mouse (Mo) PrP was replaced 
with the corresponding human (Hu) PrP sequence. The 
5 chimeric PrP designated MHu2MPrP, differs from MoPrP by 9 
codons between codons 96 and 167. All of the 
Tg(MHu2MPrP) mice injected with human prions developed 
neurologic disease. More specifically, the transgenic 
mice of the invention developed the disease -2 0 0 days 

10 after inoculation with brain homogenates from three CJD 
patients. When inoculated with; CJD prions, MHu2MPrP Sc was 
formed; in contrast MoPrP Sc was produced if Mo prions were 
inoculated. Tg(MHu2MPrP) mice disclosed herein are 
useful in the diagnosis, prevent ron and treatment of 

15 human prion diseases Transgenic mice containing the 

artificial PrP gene or elevated levels of expression of a 
native ^ PrP gene from a genetically diverse animal can be 
used to test samples for prions which might infect such 
animals. The transgenic and hybrid animals disclosed 

20 herein consistently develop the adverse effects of such 
prions in a relatively short time and are substantially 
cheaper and easier to maintain than are currently used 
primate models. Transgenic xnice containing a human prion 
protein gehe are designated Tg(HuPrP) and may be crossed 

25 with mice with an ablated endogenous prion protein gene 
which are designated ?rnp 0/0 to obtain a hybrid designated 
Tg (HuPrP) /Prnp 0/0 . 

An important object of the invention is to provide 
a standardized prion preparation which is produced by 

30 inoculating a non-human host ariimal which has its genome 
manipulated with respect to its PrP gene so that it is 
susceptible to infection with prions which generally only 
infect an animal genetically diverse from the host 
animal . The host animal is inoculated with prions and 

35 the animal observed until symptoms of infection occur 
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after which brain tissue is harvested from the animal and 
homogenized to produce the standardized prion 
preparation. 

Another object of the invention is to provide a 
5 transgenic, hybrid,, non-human mammal which has its 

endogenous PrP gene ablated- and iwhich includes a PrP gene 
from a genetically diverse mammal or a manipulated PrP 
gene such as a chimeric PrP: -gene cpmprised^ of codons from 
the host mammal and a genetically diverse : maTmnal . 

10 Yet : another t obj ect ; of the invention, is : to provide 

fcr a method of testing' samples cf or the presence of 
prions. The method involves creating: two groups of non- 
human mammals which have their genome altered so that 
they; are susceptible: r-rto infection .-with prions yhich 

15 generally only ; infect ;a genetically -diverse animal. The 
first group 1 of -andmals da in£ectecj~with a test sample and 
the second 1 group is inf eeted /with .a standardized prion 
preparations Both groups- of imammals :.are_observed in the 
• presence o£ -prions ^andiithe , sample, c a n ~b.e deduced if the 

2CT first group '-of -animals develop symptoms of prion 
inf ect-ion.^ - ^ =;^:.- • ' 

An- advantage :of::the\ invention is that .a . : / 
standardized prion preparation can be used to provide a 
controls group when ^testing samples, for the presence of 

25 prionsv . / •>■: 

Another object is to provide a hybrid animal which 
is obtained by crossing an animal having an ablated 
endogenous : prion protein gene with a transgenic animal 
containing (1) -a chimeric gene or (2) the prion . protein 

3 0-;gene. of a ^genetically diverse animal which gene may be 
present atrelevated levels. .. 

err;^ Another object is to provide a standardized prion 
preparation .produced from harvested brain tissue taken 
from animals of the invention (that have substantially 

35 identical genomes and specifically have substantially 
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identical genetic -material related to prions) which 
animals exhibit symptoms of prion infection after being 
inoculated with prions which generally only infect a 
genetically diverse species.. 
5- A feature of the invention is that the 

" standardized prion preparations .of the invention can be 
used to consistently inoculate control animals with a 
known amount and: type of » prion. . 

A -feature of the/invention is that the PrP gene of 

10 the host animal can be altered by replacing codons with 
codons of a test animal at the same relative position 
which differ from the codons of the. host animal, up to 
and^ including replacing all the ;.dif f er.ing codons wherein 
-the 1 codons: are replaced in .a .manner- so : as to maintain the 

15v operability of the gene. . 

Another object is to- provide- an. artificial PrP 
gene wherein one or more codons, {preferably 1-39 codons) 
of the FrP gene of a host anirr £ al (e.g. £ mouse) is, 
replaced with codons of. the PrP gene of a -genetically 

20 .diverse rtest. animal , (e.g. § human, cow or sheep) in a 
manner so as to render the host animal - susceptible to 
infection, with prions ;which normally infect only the 
genetically diverse test animal . 

Another object is. to provide a chimeric gene 

25 comprised of codons encoding the C- , and N- terminus of 
.one. species of mammal and middle codons of another 
; species of mammal . 

Another object of the invention, is to provide 
a transgenic host mammal (which -is small, _ e.g. , less than 

30 1 kg when full grown, and inexpensive to maintain) such 
as a mouse, rat. or hamster which . includes a chimeric PrP 
gene which gene includes * a portion of : the PrP . gene from 
another animal," (which is large, greater than 2 kg when 
full grown, and expensive to maintain) . such as a human, 

35 cow, pig, sheep, cat or dog. 
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Another object of the invent iorr -J. s to provide a 
transgenic host animal which ^includes .elevate'd Levels of 
expression of a native PrP rgene of a., genet ically . diverse 
animal wherein the elevated "levels of : expression are 
5 obtained by the inclusion, of : ar high copy- '.(number of the 
PrP gene of the genetically diverse mammal and/or, :f using 
an enhanced promoter to. the .PrP gene.- of - .the .-.genetically 
diverse animal which transgenic : : animal may be used by 
itself to assay for. prions o-r; for cross -^breeding with an 
10*' animal' which chas an ablated lendogenous/:^ 

genec : vt. ' r :. i -:.;..r:- i : ,■ • -z ■• 

ftn advantage of theb present. :dr£vexition is; that the 
transgenic arid ^hybridvknimal can bemused- ±jd: : assay: for the 
-presence . of- prion&;<in :a ^sample ^in a ^manner: .-which- is 
15 substantially faster, more efficient and/ cheaper than 
'pife^ently availa^le^ as'say- methtods.: : . : :c: ^ 

' Afibth*^: advantage :is^ that transgenic land hybrid 
animals inoc2ulat£d with rprions of ^humans *can 'be. used as 
t£St~* animals ~'f or -testing drugs f orr:ef f icacy -in* the 
20 tireattneftt of humane '~su£f earing ^f rom;r diseases :-re*suiting 
from- infection^ with j^icshsn." .: \:c.r, ^\ ^ • ? . 

. Another advantage is ^t hat -the * transgenic: and 
hybrid animals can d^Wct p]?ions:rin c a: sample at very low 
ravels," e.g. , 1 part" per million, cand^ even as low as 
25 l-'part- per- billiori. •■: - : : *::;: c-.i -in 

':■. ->' Still aiiother-i advantage > is ;that the transgenic and 
hybrid animals provide an assay which is highly accurate, 
-i;e;; /: dofes' not provide false positives and consistently 
7 ^determines the preserice of prions, 

3 0 1 Yet another advantage is that by increasing the 

..copy-number ~-*of -an exogenous prion protein gene of the 
invention in: a: transgenic or hybrid and/or disrupting the 
endogenous gene of, the incubation time for prion caused 
disease is decreased. 
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. . Another advantage is that the standardized prion 

preparations of the invention can eliminate the need for 
extracting brain tissue from mammals which may have been 
infected with different types of prions and may each have 
5 a different genetic make up regarding genetic material 
related to prions. 

Another advantage is that assays of then invention 
can be carried out more reliably using the standardized 
prion preparations of the invention. 
10 •: A f eature of the present -invention is that the 

transgenic and hybrid animals injected with a sample 
containing pathogenic prions will consistently develop 
the disease; effects ,o.f the. prions within, a ■relatively 
short time, e.g. about 200 days ± 50 days after injection 
15 or less.. ; - 

Another feature -is .that an artificial gene of the 
invention preferably contains codons of the PrP gene of a 
host . animal {such , as. a mouse) with some (but not all) of 
the codons which differ front the mouse and a second 
20 genetically -diverse test mantinai. {such as a human) 

replacing codons of the first mammal at. the same relative 
. .posit ions v 

; These and other . objects , advantages, and features 
of the invention . will become apparent to those persons 
25 skilled- in the art upon reading the details of the 

chimeric gene, assay method, and transgenic ..mouse as more 
fully described : below. , .-* 

Brief Description of the Drawings 

Figure 1 is a schematic drawing showing the 
3 0 construction of a chimeric MHu2M gene and a transgenic 
mouse containing same; 

Figure 2 is a schematic view of a portion of PrP 
proteins showing the differences between a normal, wild- 
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type human PrP protein and a normal, wild- type mouse PrP 
protein; 

Figure ^3 shows' the amino acid -sequence of mouse 
PrP along with specific differences between mouse: PrP and 

5 human PrP,-\ : *? * * 

Figure 4 shows the amino acid sequence of mouse 
PrP and specifically shows -differences between mouse PrP 

and bovine PrP ;~ and 

Figure 5 shows the amino acid: -sequence" of mouse 
10 PrP and specifically shows differences -between mouse PrP 
and ovine :PrB. ' - z . z . z t : - 

Detailad. Descrir>ti.oni of Preferred;. Embodiments : . 

: /Before the present .artificial gene;, assay, 
methodology, standardized prion preparations;; and 
15 transgenic and rhybrid/ animals, used in ;the -assay are 
• - described,: it is- to be. .understood =;.that-- this invention is 
. 'not ^limited to-- particular: assay ^methods -chimeric . and 
;:artif ieial^enes^ prion/ preparation : or . transgenic and 
hybrid \anima Is:, described'; as. such -methods , - r genes, 
.20. -preparations^ and;?animals . may / of course , ^.vary J . It is 

also to be understood that the terminology^used herein is 
' for. the purpose'^of descriibingyparticuLar- embodiments 
• only; *-sand is not intended^ to be -Mmiting, :sincei the scope 
of the present invention wiilt be limited .only Lby t;he 
25 appended . claims ; 

Unless defined otherwise, all technical: and 
scientific terms used herein have the same meaning as 
commonly understood by^ one of ordinary . skill in ±he art 
to. which this ^invent ion belongs.. : Although any methods 
3 0 and ^materials similar or equivalent ..to /-those -described 
herein can be used in the practice -or. testing of the 
present invention, the pxeferred methods: and materials 
are now described. All publications mentioned herein are 
incorporated herein by reference to disclose and describe 
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the methods; and/or materials in connection with which the 
publications are cited. 

Definitions - - ; 

The term. "FVB" refers to a mouse strain commonly 
5 used in the production of transgenic mice. For purposes 
. . of this inyention it should be noted that the mouse prion 
protein {PrP) gene is intact and mouse PrP is therefore 
expressed- at normal levels . 

The term "Prnp-% or Prnp-Abl" refers to a 
10 transgenic- animal which has its, PrP gene ablated with 
the indicating that both* alleles are ablated whereas 
qJ+ indicates only one is ablated. Specifically, the 
-.animal- being referred to is -generally; a transgenic mouse 
which has its PrP gene ablated i r.e : . s , a PrP knockout 
15 mouse. -In. that .the ?rP gene is disrupted no mouse PrP 
protein is e^cpressed. - : 

The term "sporadic .CJD ^abbreviated as "sCJD" 
- refers to the rnost common .manifestation of, Creutzfeldt- 
Jakob Disease ; (CJD) .- -This disease occurs .spontaneously 

2 0 in individuals with a mean age of approximately 60 at a 

rate of l per million individuals across the earth. 

The term "laterogenic CJD" abbreviated as "iCJD" 
refers, to disease resulting from accidental- infection of 
. people with human prions > The most noted example of such 
25 is the* accidental infection of children with human prions 
from contaminated preparations of human growth hormone. 
• : . The' term "Familial CJD" refers to a form of CJD 
which occurs rarely in families- and is inevitably caused 
by mutations of the human, prion protein gene^ The - 

3 0 disease results from an autosomal dominant disorder. 

Family, members who inherit the mutations succumb to CJD. 

The term "Gerstmann-Strassler-Scheinker Disease" 
abbreviated as "GSS" refers to a form of - inherited human 
prion disease . The disease occurs from an autosomal 
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dominant disorder. Family members who inherit the mutant 
gene succumb to GSS . • ■ . * 

The term "prion" shall mean an infectious particle 
known to cause diseases (spongiform encephalopathies) in 
5 humans and animals. The term "prion" 'is a contraction of 
the words "protein" and " infect ion" . and; the particles are 
comprised largely if not exclusively -of -PrP? c molecules 
encoded by a PrP gene. Prions aire:. distinct from.-, 
bacteria, viruses and viroids. *• Known prions" include 

10 those which infect animals to caiuse scrapie, a 

transmissible, degenerative disease of: the- nervous system 
of sheep and goats as 'well ^s bovine spongiform 
encephalopathies (BSEf 1 6% >mad cow disease -and feline 
spongiform encephalopathies of cats. ^Four- prion diseases 

15 known' to affect humans &fe (l) kuru, (2) Creutzfeldt- 
Jakob Disease (GJD) / (3) Gerstmanii-nStrassler-Scheinkeir 
Disease (GSS) , and (4) fatal familial insomnia OFF I) . As 
used herein pridn- -ihc iucfes ~aE£ f <5rms rot prions causing 
ail or any 'of ' these ^d±e^aseS i <5i" others -in- any vaaiimals 

20 used — and in particular ifi --humans^- aWd ^in^domesticated 
• farm a-himalS; 0 ' : ~' v "h- = ? - :> r *" - * " . 

- Tfie terror '"P^P^ei^ gene" are 

used interchangeably : ^Ke^xt^'K& ^d^BcrLh^^gext&tio material 
which^ 'expresses protein^ as -shown in^igures' 2- 5 v and 

25 polymorphisms sind - mutations sutrh asi those listed'-herein 
^ under the subheading "Pathogenic Mutations^ "and : ^ 
-Po^yT^ort^hifems^:^' The PrP gene^ Can^ be i 'f^om any -animal 
including i; the "host" arid > test " .^animals described herein 
■ - and h'ny-'-ah<f -all -polymorphisms and mutations thereof, it 

30 being rec6ghized- that the :term£>- include other such PrP 
gehes • that a^re-'y^t to-be discovered. - - : 

■"-i -The teiMs "standardized 'prion preparation", 
"prion prepar-atibn",* "preparation" and^the like are used 
interchangeably herein to- describe ^a composition 

35 containing prions which composition is obtained from 
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brain tissue . of. mammals ...which contain substantially the 
same genetic material :as relates to PrP proteins, e.g., 
brain tissue from a set. of mammals which exhibit signs of 
prion disease which mammals .may comprise any of (1) a PrP 

■ 5 :chimeric transgene;. (2) have an; ablated endogenous PrP 
gene; (3) have* a high copy number of _ PrP genes from a 
genetically diverse species; or (4) are hybrids with an 
ablated endogenous PrP gene and a PrP gene from a. 
genetically- diverse species . The mammals from, which 

10 standardized prion preparations are obtained, exhibit 
clinical, signs -of CNS ; dysfunction, as a result of 
inoculation with prions and/or due to developing the 
. disease due : to their genetically modified make up,, e.g., 
. high copy number of. PrP genes .,- . . . - . . - 

15 ■. . .The term "PrP gene" refers -generally to any gene 
of any species which encodes any form of a PrP amino acid 
sequences: including any prion., protein .= Some commonly 
known PrP sequences are described, in Gabriel et al., 
Pro- . - Natl . Acad., Sci ; USA ;ff5:.9,097-910X (1992 ) which is 

20 . incorporated herein rby reference, to disclose and describe 
such sequences, ■ _ . 

j : The term "artificial PrP gene" is. .used herein to 
encompass, the: term "chimeric PrP gene/' as well as other 
recombinantly constructed genes which when included in 

25 the genome of a host animal {e.g., a. mouse) will render 
the mammal susceptible to infection from prions which 
naturally only infect a genetically diverse test, mamma 1 , 
e.g.. , human, bovine or ovine. In general, an artificial 
gene will include the codon sequence of the PrP gene of 

3 0 the mammal being genetically altered with one or more 
(but not all, and generally less than 40) codons of the 
natural sequence being replaced with a different codon — 
preferably a corresponding codon of a genetically diverse 
mammal (such as a human) . ; The genetically altered mammal 

35 being used to assay samples for prions which only infect 
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the genetically diverse mammal. Examples; of artificial 
genes are mouse PrP genes: encoding the sequence : as shown 
in Figures 3,-4 and' 5' with one* or more different > . 
replacement codons selected from the codons : shown:, in 
5 these Figures for humans , ; cows) and sheep replacing, mouse 
codons at the same position; ' with . the- proviso that .not 
all the "'mouse codons are replaced with differing human, 
cow or sheep codons. ..-Artificial PrP' genes; of . the. 
invention can include not- onlyii codons of genetically 
10 diverse : animals bttt -may. include: codons and codon^ 

sequences ^associated:, with -genetic prionr-diseases such as 
CJD -and' codons and^equenoesr: not associated., with . any 
--native PrP~ ge&e " but Wirich^ . when, inserted:- intos an : animal 
render the animal susceptible to infection 'with/prions 
15:/ which' WduM> normally 'only iiifect a* genetically diverse 
: -animal. : "* ".-V:! r \ r. i:, 

\- r ;TC7 v.^r, The- terras '"Chimeric geiae;:^ ^chimeric PrP rgene" , 
" chimeric- prions pr^teil^. , ■gBne"""' ^and the.iike are used 
interchangeably^ hetire&ji : tot: M^^XJ^l^L^^^^iJ^.i3^^y 

2 0 constructed- cyeiie'-' Containing: fchfc .codons bf::a; host animal 

such as a mouse with one or more of the ..codons being 
" -replaced with c<^rlre§p6nd±hg.: codons from a .genetically 

diverse : -test animaF Such "as:: set -human, caw 1 or sheep.; i In 
' one- specific 'exa^npler/ :the' chimeric- gene, is- comprised of 
25 the starting- and termrinatingr.sequence ;(i .e".v;.-;N*- and G- 
* ^terminal Codonfe) of: a£ PrP genei of >'a r mammal, of ~ a host 
species (e,gv. a mouse) : an&* also, containing a nucleotide 
sequence of vas corresponding portion of a PrP. gene of a 
vtest v ~m&mmal of a second species (e 4 .g. ; t a . human) . A 

3 0: *~ chimeric r gene will-, when -inserted:- into? the genome of ..a 

mammal i: of this host: species,, ;render)the mammal/- susceptible 
to infection with;/ prions, which normally .-infect" only 
mammals of. vthe;- second species-.- ■. -The; preferred- chimeric 
gene, disclosed: -herein is MHu*2M::which^contains the 
35 starting and terminating sequence of a mouse PrP gene and 
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a non-terminal sequence region which is replaced with a 
corresponding human sequence which differs from a mouse 
PrP gene in a manner such that the protein expressed 
thereby differs at nine resid\aes . 
5 The term "genetic material related to prions" is 

intended to : cover any genetic material which effects the 
ability of an animal to become infected with prions. 
Thus, the term encompasses any "PrP gene" . "artificial 
PrP gene", "chimeric PrP gene" or "ablated PrP gene" 

10 which terms are defined herein as well as mutations and 
modifications, of such which effect the ability of an 
animal to become infected with prions-. Standardized 
prion preparations of the invent ion .rare produced using 
animals which all have substantially the same genetic 

15 material related to prion so that all of the animals will 
become infected with the same type of prions and will 
exhibit signs of infection at about the , same -time .■ 

The terms "host animal" and "host mammal" are used 
to describe animals , which vail have their genome 

20 genetically and artificially manipulated - so as to include 
genetic material which is not naturally present. within 
the animal. For example, host animals include mice, 
hamsters and rats which have their endogenous PrP gene 
altered by the insertion of an artificial gene of the 

25 • present invention or by the insertion of a native PrP 
gene of a genetically diverse test. animal. 

The terms "test animal" and "test mammal" are used 
to describe the animal which is genetically diverse from 
the host animal in terms of differences between the PrP 

3 0 gene . of the host animal and the PrP gene of . the test 

animal. The test animal may be any animal .for which one 
wishes to run an assay test to determine whether a given 
sample contains prions with which the test animal would 
generally be susceptible to infection. For example, the 

35 test animal may be a human, cow, sheep, pig, horse, cat. 
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dog or chicken, and one may wish to determine whether a 
particular sample includes prions rwhich would normally 
only infect the test animal. This is done, by- including 
PrP gene sequences of the test.ranimal^ into the host 
5 animal and inoculating the host:; animal: with prions which 
would normally only infect r the test animal. , 

The terms "genetically diverse^ animal n .and 
"genetically diverse 'mammal 1 * are "used to describe an 
animal which includes a native PrP .codon sequence of the 

10 host animal whidh "differs :f rom -the:.genetically diverse 
test animal by 17 or ntdre cod©ns f ; preferably^ 20 or more 
codons, and most . preferably ->28 ^40 codons Thus, a mouse 
PrP gene is genetically diverse with respect to the PrP 
gene* of ^a-^ human, gow <5r'"shee'p # but i£ not genetically 

15 diverse with respect 'to the PrP gene of a 1 hamster* 

The terms' "ablated -priori protein gene", "disrupted 
PrP gene" 7 ^ablated' P-rP vgene M ' -and^ ~fehe r li-kfe are used 
irtterrhafrgfcably ' herein to^e'ari- an enrdcsgsenous prion 
prot^in^gen^i -which fe^i's &>eennalterfcd (e.g., add and/or 

20 remove ^nucleotides):' in a^annef'sO 'as*to rfender the gene 
iriopei*£t£ve "ExaftfpT££ of ~n6n- functional- PtfP genes and 
methods ■ o£ staking -such ar£ disclosed -in Bifeler, H. , et al 
; "Nominal ^development "of -friifce *l&ekirig r ^ the Neuronal cell- 
surface 'P^P protein" Natiire 356/ S77-582 (19-92) which is 

25 incorporated herein by reference. Both alleles of the 

genes are disrupted; - - 

- ^:The terms "hybrid ^animal u , "transgenic hybrid 
animal and -the like are used interchangeably herein to 
mean an animal obtained/ from- the cross-breeding: of a 

30 first- animal havirtg an ablated* endogenous PrP gene with a 
seconds animal which includes either (.1): a chimeric gene 
or" artificial PrP -gene .or (2) a PrP gene from a 
genetically ^diverse animal. . For example a hybrid mouse 
is obtained by cross-breeding a mouse, with an ablated 

35 mouse PrP gene with a mouse containing (1) human PrP 
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genes (which may be present in high, copy numbers) or (2) 
chimeric genes. The term hybrid includes any offspring 
of a hybrid including inbred offspring of two hybrids 
provided the resulting offspring is susceptible to 

"3 infection with prions with normal infect only a 
genetically diverse species. 

The terms '^susceptible to infection" and 
"susceptible to infection by prions" and the like are 
used interchangeably herein to describe a transgenic or 

10 hybrid test animal of the invention, which develops a 
prion disease if inoculated with prions which would 
normally only infect a genetically diverse test animal. 
The terms are : used to describe a transgenic or hybrid 
animal of . the invention such as ■ a„ transgenic mouse 

15 Tg(MHu2M) which, without the chimeric Pr? gene, would not 
be susceptible to infection, with a -human prion 'less than 
20% ' chance of infection) . but with the chimeric gene is 
susceptible to infection with ^ human prions . (80% to 100% 
chance of infection). • ». , 

20 The -■tenu ,f incubation time f ^ shall, me^n the time 

from inoculation of an a[nima7: >w.ith a prion until the time 
when the animal. -first develops detectable symptoms of 
disease resulting from the infection. A reduced 
incubation time is one year or. less, . preferable about 

25- 200 days ± 50 days or less, more preferably about 50 days 
± 20 days or less. j 

Abbreviations used herein include: 
CNS for central nervous system; 
BSE for bovine spongiform encephalopathy;- 

3 0 CJD for Creutzfeldt- Jakob Disease? 
FFI for fatal familial insomnia; 
GSS for Gerstmann-Strassler-Scheinker Disease; 
Hu for human-; 

HuPrP for a human prion protein; 
35 Mo for mouse; 
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MoPrP for a mouse prion protein; 
SHa for a Syrian hamster; 

SHaPrP for a Syrian hamster prion; protein; 
Tg for transgenic; 
5 Tg(SHaPrP) for a transgenic mouse containing the" PrP gene 
of a Syrian hamster; 
Tg(HuPrP). for transgenic, mice containing -the complete 

human PrP gene.; : *•■;.*■. 
Tg(ShePrP) for transgenic- mice containing the complete 
10 sheep PrP gene; r< ; . _~.v 

Tg (BovPrP) for transgenic. mice containing the complete 

cow PrP gene/., t^: : . v - . _.>i- ; 
p x psc £ Cr t-j^ e: scrapie isof orm of: the*: prion prpteiru 
MoPrP Sc for the> scrapie isoform of the mouse prion: 
15 protein; ^'^"^^ c - ir - . . z v. 

MHu2M for a chimeric -'mouse /humane PrP gene wherein; a 
region- of -ther mouse... ?rP^*gene \j is -replaced, by a 
• - corresponding^ human: sequen.ee/ .which differs from 
mouse PrP at 9 codons; si.-o 
20- Tg(MHu2M) mice are transgenic- mice ofi.::-tiie invention which 
include the chimeric MHu2M gene:;- -- 
MHu2MPrP Sc for the scrapie isofOrnr of the* ohimeric human/ 

mouse PrP gene ; - - : "" .n;yL. . z „ :: i 1. 1 , : 
PrP CJ P. -for*, the CJD isoform of arPrPcgenej : . 
25 Pril-p 0/ - 0 for ablation:. of both alleles of ; an endogenous . 
prion protein gene, e.g., the MoPrP-.gene; ^ .5: 
Tg(SHaPrP* /0 ) 81/Prn-p 0/0 for .a particular line (81) of 
transgenic mice expressing SHaPrP., tt/0 indicates 
heterozygous; 
30 Tg (HuPrP) /Prnp 0/0 for a hybrid mouse, obtained ... 

by crossing a mouse with a human pripn protein gene 
(HuPrP.) with a mouse with both alleles of the 
endogenous prion protein gene disrupted; 
Tg (MHu2M) /Prnp 0/0 for a hybrid mouse obtained 
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. by crossing a mouse with a chimeric prion protein 
gene (MH^2M) ; with a mouse with both alleles of the 
endogenous prion protein gene disrupted. 
FVEU f or a standard inbred strain of mice often used 
5 . in the production of transgenic mice since eggs of FVB 
mice are relatively; large and tolerate microinjection of 
exogenous ;DNA. relatively well. 

General Aspects of the Invention 

The present invention. includes several aspects 

10 including: Ci) an artificial gene comprised of codpn 
sequences: which when inserted into^the genome of a host 
animal (;e;. g . a mouse or . hamster) will render . the animal 
susceptible to infection with prions which normally 
infect only a genetically diverse : test animal (e.g*. a 

15 human, cow or sheep) > thereby including genes. . where in one 
or more epdons of a. naturally occurring ; PrP, gene o£L a 
host, animal; are. replaced with corresponding codons of a 
genetically diverse test animal;- \2) a chimeric gene 
which , gen§ ; is comprised of- the codori sequence of a PrP 

20 gene, of host mammal of a first species . (preferably a 
mouse or, hamster) which gene, has • been modified to- include 
a corresponding segment of. a PrP gene of a test animal, 
preferably a .mammal euch as a human , cow or sheep/ (3) a 
transgenic. mammal containing an artificial gene of the 

25 invention such as a transgenic mouse including a .chimeric 
PrP gene wherein a portion of, the mouse gene -is -replaced 
wi.th a corresponding portion of a human PrP gene thereby 
rendering, the mouse susceptible to infection with human 
prions;. (4) a transgenic mammal with. elevated levels of 

30 expression of a PrP gene of a genetically diverse mammal 
wherein the elevated levels of expression are obtained by 
incorporating a high copy number (30 or more) of a native 
PrP gene of a genetically diverse test animal and/or the 
inclusion of an enhanced promoter operatively fused to 
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the PrP gene of a genetically diverse animal; (5) a 
transgenic hybrid animal- whi<:h * is*- obtained by crossing a 
animal having an ablated endogenous- PrP gene with an 
animal with a chimeric gene ds j>er t2) ' ^ above "or an animal 
5 with a PrP gene of another genetically diverse -animal 
therein e.g., as per (4) above--; * (f) standardized: prion 
preparations which contain 3 ttfie. samse. amount (preferably at 
the same concentration) and type of prions in each 
preparation; (7) a me thodL.of "„determining-;i^^tfeer' a sample 
10 is infected with prions "which:" method: involves; inoculating 
a " transgenic or hybrid mammal of the invention wLth- a 

• sample to^ b£ l > tested (and^ pref erably simultaneously 
inoculating 3 identical" te 1st ^riimal^-wit*i ab standardised 
ptlon ^preparation-f 6r^""ufee as' controls)' : and r observing the 

15 mammal (sj ^ f or a "period^ of time suff icients -t'o- detfeirmine if 
fche : mamta £tis#arse nominally 

associated^ Wi€h -priOSx^ ; ; f( 8 ^-^a: methods of " testing the 
ef f iditey Of k drug in t&e ■tr^atmeBt: ofv disease developed 
^ result : of ^inf ectibfi ~ with prioti^ comprising 
20- 'administering "-a drug" to^be"^ tested- to a transgenic or 
^ hybrid animal ' ? inf&cted : with prions (preferably a 
" standardized-' pridh : p*re|parat3.cn) and observing and/or 
"£es"tirig : tihe rhamthSi: t6' determine i-f the drug aids- in 
: treating or feI6wihg T the progress of the disease or its 
25 symptoms; arid" (9) a method for determining the cause of 

• desath of ' kh- animal "comprising inoculating a transgenic or 
r hybrid anamal : of '* the invention with 'body f luid or tissue 
— such -as extracted* brain tissue from the animal which has 

- died : (atnd ^'preferably inoculating control animals with a 
30 standardized -preparation of prions) and observing the 
! ~ transgenic or 1 hybrid animal (and control animals) in 
order to' determine if the animal (s) develop (s) symptoms 
of prion infections. 
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Preferred- host, animals are mice and hamsters, with 
mice being ..most preferred in that, there exists 
considerable knowledge on the production of transgenic 
; animals. Other possible host animals include those 
5 belonging to a genus selected from Mus (e.g. mice), 
Rattus (e.g. rats), Oryctolagus. (e .g. rabbits) , and 
. Mesocricetus (e.g. hamsters )_ and- Cavia, (e.g.,- guinea 
pigs) . In general mammals with a normal .full grown adult 
body; weight, of less than 1 kg which are easy to ^breed and 
10 maintain can be used-. The host PrP gene can be changed 
to include codons from genetically diverse PrP genes from 
test animals belonging; to a genus selected from Bos, 
Ovis, Sus and Homo., ; Preferably, a mouse host PrP gene is 
changed .to include cpdons from a. human : , cow or sheep PrP 
15 gene, with .human being most -preferred.. Humans are . 

preferred because c*n important object of the invention is 
to. use the animal, tp test a sample of ma^rial to 
determine if :that material has prions which will infect a 
human and cause' a human to develop: : a CNS disease such as 

The', genetic material which makes up the PrP gene is 
known for a. number of different- species of. animals (see 
Gabriel .et al Proc. Mafcl . Acad. Sci. USA 89:9097-9101 
(1592) ) ; Further^ there is considerable, homology between 

25 the PrP genes in diff erent . mammals . For example, see ine 
- amino- acid sequence of mouse PrP compared to human, cow 
and sheep PrP in Figures 3,-4 and 5 wherein only the 
differences are shown. Further, note that the segment of 
a PrP gene used to create the MHu2M gene of the present 

30 invention will result in encoding, : of protein which shows 
a difference between the human and a mouse protein of 
only nine residues. Although there is considerable 
genetic homology with respect to PrP genes, , the 
differences are significant in some instances. More 

35 specifically, due to small differences in the protein 
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encoded by the PrP gene of different mammals, a prion 
which will infect one mammal (fc.g-. a human): will not 
normally infect a different mammali. (e.g; a mouse) . Due 
to this "species barrier" , it-' isi not generally, possible 
5 to use normal animals, (i.e., animai:' which have not had 
their genetic material related to, prions ^manipulated) 
such as mice to determine whether a7 particular sample 
cotitains prions which would normally. -infect a. different 
species of~= animal such aB a humane The present _ invention 
10 solves this problem ir& a • surprising; manner . . 

Relationships ^ PrP- -cfeh'es-: c^>t>y 'numbers : genetic diversity 

- "Cornmeircaally use T f ui=>"tr&nBgenic animals: are': ■ > 
preferably smaXl^ahcf ' easy' to" reproduce"; 'thus* -host: 
ahlmals : ^iiidh as mice v^h^mste^ra, - guinea pigs- and- arats are 
1 5 preferred > ~ with" Ifni^ce- be ing- mcrs't :pre ferrad . "": i Ino order for 
the -trahsgeiH T c "ahitna'ls^ ^o be? usef ull,"; ifc^iS" necessary for 
the 'irtimal:s 'to f be ^fec^ptibl-e^oi Infection- with^prions 
whieh : normally 5 intect ^only - gelretibatlly ^iiverse^ - test 
animals, and in particular animals of commercial ~ 
20- : sigriif : icance : f c^'^be'stin^V^ suo'h'^av humarts'^^cows , horses, 
sheepV^pigs 1 , cats";;: do^- and' chi'clcenrsi * with , humans ^ being 
■ most pre'f erred.^L, iLurt^her , .„ifc^ttesr:3; : rsuis.gerlic i and :.hybrid 
~ animal s : to be \iee£ \xl- -STri ? a- pracftical:.. and ^commercial sense, 
it is- hec v essafy f or- -the' >&nittfciQ;s' to'- demonstrate * symptoms 
25" of> -the- dis€i^e : withih' a -relatively f short period:: after 
^inoculation/ ' --arid for a very high' percentage . of ; thes 
ahlm'als' to ■ demonstrate ^symptoms^of ' the ^disease - af ter 
inoculation *-"e ."<$:. 30£' or md're o± inoculated, animals 
develop 'clinical* symptoms of~-CNS. disease with 350 days or 
3 0 less- aft^r iridculati'on'. r: - - T 

— - -In- producing a transgenic animal ihaving the 
above-- elk scribed "'characteristics;, we noted a number of 
relationships Of -significance r .. First .when - the entire 
PrP gene of a test animal (such as a human) is made 
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functional in the host animal (such as a mouse) the 
resulting transgenic animal (with, a low copy number of 
human PrP genes) is not • susceptible to infection with 
human prions . * 

S~ Second, we found that infection would occur if the 

endogenous PrP gene of the' host animal is ablated. 

Third, when only some of the codons differing 
between the host and the test : animal are switched, the 
.resulting transgenic animal is susceptible to infection 

10 with prions- which normally only infect the test animal. 

-Fourth, we noticed that, as the copy number of the 
artificial gene in the transgenic animal is increased, 
the . incubation time in some -cases, decreases . 

Fifth,: we noted. that humans with; some genetic-' 

15 defects resulting in prion diseases have -different 

genetic defects in. thair PrP .gene ,^id that by matching 
the defects in any transgenic animal will render that 
animal more: susceptible- to .infection with prions from the 
diseased human.-. . v - - . : .. 

20 .:. With thi^;' knowledge, "we deduced that it . is possible 
to produce a transgenic animal wherein, all of :the PrP 
gene of the host - animal is replaced with the PrP gene of 
a test animal to obtain a 'usef ul transgenic animal which 
is susceptible to infection- with prions- which normally 

25 only; infect the test animal by substantially increasing 
the copy number of the test animal ' s^PrP gene in the host 
animal and preferably also ablating, the*, endogenous PrP 
' gene* For example, a transgenic moiise which includes the 
entire PrP gene of a human in a relatively low copy 

30 number (e.g. 1-to 4) is not susceptible to infection with 
human prions (unless the endogenous mouse -PrP gene is 
ablated) . However, if the transgenic mouse includes a 
very high copy number of a human gene (e .g. 30-300 
copies) , the resulting transgenic - animal is susceptible 

35. to infection with human prions. Further, when a host 
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animal such as a mouse has only a portion of its -PrP gene 
replaced with a corresponding portion .of a test animal 
such as a human, the resulting tr:ansgenic> animals:ia 
highly susceptible to infection with prions which v, ; 
5 normally infect only- the test, animal.--- This is true even 
if the chimeric . gene is -present;: invthe-.. transgenic/, animal 
in a relatively 3.ow<- copy., number /Je.g... 1, to* 4; copies) 
resulting- inflow expression of . MHu2M^. PrP c .~ * ■ 

• Lastly, in order to reduce incubation time, hybrid 

10 mice were created; by ctossd^g^-mice vd-.th- ablated PrP gertes 
with transgenic mice r:Which.....{li)r; included a : PrP . , gene from a 
genetically diverse, animals e., g^, a: human: or, :(2) i include a 
chimeric or ^artif icial^gene of- the presents invention. 
The chimeric^ gene : and/or . PrP ?.<jene:rf rom'- genetically 

15 divers© test ^an.imaic,may ; be. -present ;in; hi ghr copy ; number . 
The eopy number'; cmi? be ..increased- in order • to reduce 
.incufeation time provided tfae^copy number is. not r increased 
sozfar-that /the animal ^becomes; Spontaneously "ill*, i.e. , 
become ill without inoculation with prions -.t " :% " r- 

20: ■■ x t Based on 'thee abbv-e, .-it , can^ be.-; understood, that the 
preferred transgenicvanimals of:, fche 'invent ion:; are (!) 
animals such, as ;mise^whi?ch :; includes a - chimeric iPrP >gene, 
i. e i , . only. iar portion/ ,bufe. not r.allc/c of ; theiraPrP ;,gene 
.replaced %with:;a. corresponding: portion of the, PrP .gene of 

25. ..a .test .r animal .or :i2) ^animals.; with : an ablated "endogenous 
- Pr,P gene -and-: a, 7 PrP "gene from another animal such as a 
j human , most; -preferable -where -that human ..PrP^geneJias^a 
.g^rietiQ defect. which results j in a prion disease when in a 
human, f £ . . • . . „ k t 

30=. - ... -Jt .is preferable ito include chimeric genes within 
c the .^transgenic -animal .in ..a relatively.. high, copy, number, 
in -that -increasing-:.fche;.;Copy dumber tends to decrease the 
incubation ..time -for the;-: disease,;. once -the animal is 
inoculated with.:materiai. -containing, prions . 

35 Notwithstanding such, we now understand that, when the 
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copy number is increased to very high numbers (e.g. 100 
copies and above), the transgenic animals may 
spontaneously demonstrate symptoms of prion disease. 
Thus, a most preferred transgenic animal of the invention 
5 will include a chimeric PrP gene in a sufficiently high 
copy number so as to shorten the incubation time (e.g. 50 
copies ± 25) but in a sufficiently low number so as to 
not initiate spontaneous symptoms characteristic of prion 
diseases (e.g. ,. not more than 100 copies). It will be 

10 understood by those skilled in the art that the number of 
copies necessary in order : to obtain elevated levels of 
expression of the PrP gene will vary depending upon the 
particular gene inserted into the particular host. 
Adjustments can be made to reduce the copy number if the 

15 resulting transgenic animals become spontaneously ill. 
Alternatively adjustments can be made .to increase the 
copy number if the resulting transgenic animals are not 
subject to. infection with prions .which normally infect 
only a genetically diverse animal ; Further, adjustments 

20 can be made v/ith respect to the use of specific types of 
enhanced promoters in ordei~ to elevate the levels of 
expression without increasing copy numbers. Specific 
types of enhanced -promoters are known such as neuronal 
enolase promoters which would provide enhanced expression 

25 to the PrP gene without increased copy numbers. The 
enhanced promoters may operate cons ti tut ively or 
indue ibly. 

The ability to successfully produce a transgenic 
animal is related, in part, to the genetic, diversity 

30 between the host animal and the test animal as regards 

their respective PrP genes. For example, the PrP gene of 
a mouse and a hamster are relatively similar in that they 
differ only at 16 codons out of a total of 254 codons . 
When the; genetic similarity of the PrP genes are this 

35 close, it- is possible to include the entire PrP gene 
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sequence of the test animal into : the host, animal and 
render the host animal susceptible to prions which 
normally only infect the test . animal even; with* the host 
animals endogenous PrP intact tie:? not ablated, r 
5 However, such is not the case rwhe-n the host, animal and 
test animal are genetically diverse,, i .e . differ; in PrP 
genes by 20 or more codons. - Thus; when a-, mouse- PrP: gene 
is completely replaced with a ^genetically . diverse ;PrP 
gene, such as that of a;- human, : the, resulting ^-transgenic 

10 mouse will not be susceptible .to infection, wifch. human 

prions unless (1) the ^endogenous PrP gene -of; the .. , mouse is 
ablated or (2) the human 'gene ^is . present; in; the-- mouse in 
a relatively high copy number which-; high;. copy: number 
may result in spontaneous development of disease and/or 

15 (3) the human PrP <genec includes a genetic, defect,, which 
results in a prion." disease iii a human. „ v : . . ? 

To solve the : probletn'-of being able to? decrease the 
- copy numb€r^^udh" that : the :aniraal;'w6uldr not; spontaneously 
become sick-;- atid yet ^llow^ the - aaimaLta. become sick when 

20 ' inoculated°v?±tfi'- human: prions /: we .-created ar ^chimeric gene 
which includes' <3fily - a. portion, of .the: human; PrP gene in 
the mouse PrP *gene\ ; - A more i specific: .description: -of how 
■ the speSieis- barrier y was broken . inqaccrordance:: with; the 
present" invention." is provided, below^ . . t- 

25 Wheri' J transgenic:- animals (with endogenous ;PrP gene 

intact) are- prdduced' by.:placing : the entire: human prion 
protein gene into that of a mouse the resulting 
transgenic mouse: does hot become consistently ill in a 
Short -'period .'of time., when inoculated with prions which 

30.: generally only" infect: humans i ; e . , is not susceptible . to 
:" infection with [human prions.- The inability, to become 
infected appears to be related to the presence of the 
endogenous mouse, prion protein gene. When a mouse with a 
human prion protein gene is crossed with a mouse with a 

35 disrupted endogenous mouse PrP gene the hybrid offspring 
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.are infected by prions which normally only infect humans. 
Such hybrid mice will .consistently become infected and 
exhibit -an incubation time of less than 300 days, 
preferably 250 or less ± 50 days. 

5 Species Barrier Broken - 

The transmission of human GJD to apes and monkeys 
1.5 - 3 years after intracerebral inoculation provided 
considerable interest in the causes of; neurodegenerative 
diseases [Gibbs, Jr.- et: al .» - Science 261:388-389 (1968)]. 

10 Humans are not genetically diverse from apes and monkeys 
which accounts for the: cross-species infectivity, 
although, with a long incubation, time . While the high 
cost of caring for nonhuman primates .prevented extensive 
studies of the human prion* diseases, the transmissibility 

15 of these diseases stimulated studies of the animal prion 
analogues in rodents [Manuelidis et al . ■, Proc . Natl . 
Acad. Sci . USA -75:3422-3436 . (1978); ;.: Manuelidis ; et al . , 
Proc . Nat 1 . ~ Acad : Sci , USA 73 -223 ^2,2 7 (19 76 ) ; Tateishi 
et al., Ann, Neurol. 5:581-584 (1979)] . ■ ... 

20 . The present disclosure opens- a new. frontier , in the 

investigation of the human prion* diseases since . , 
transmission studies can now be performed relatively 
rapidly in genetically altered mammals such as Tg(MHu2M) 
mice that are relatively inexpensive to maintain. For 

25 the first time / endpoint titrations of prions in multiple 
- human body tissues and fluids can be performed and 
standard curves constructed - for more economical 
incubation time assays/ The information derived from 
such- studies of human prions will be useful, in the, 

30 management of CJD patients who are thought to pose some 
risk to relatives, physicians,: -.nurses and clinical 
laboratory technicians [Berger et -.al . , Neurology 43:205- 
206 (1993) Ridley et al -. ,- Lancet 342 :641-642. (1993)]. 
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In studies cf human prion diseases l with apes .and 
monkeys, the use of one or two, or rarely three, .animals 
as recipients for a single, inoculum has presented.. a 
significant problem in evaluating the* transmissibility of 
5 a particular inoculum from an individual patient. The 
transgenic mice contain a chimeric ;; prion .protein jgene.-, 
e.g., Tg(MHu2M) mice, and hybrid mice t .eig; : ,;?. 
Tg (HuPrP) /Brnp 0/Q -: described here obviate ^many of :Xhe 
problems created by. using: nonhuman -primates. 

10 These resultrsT dejriqnstjrate-' the "universality": -of the 

MHu2M transgene : f or. -transmi sjs ir*rr studies with other types 
of transgenic— animais sand mother* prion rinocula . r -For 
example f it may be. Tnast- efficient to . use imice expressing 
MHu2MPr P ^transgenesv. coding:, f or. _ei t her r a methionine - or 

15^ valine - at cddbn <I29v sand by doing so, : match the -genotype 

• r- of ^trhe Tg-mouse (^iuh ^espfect ^ta codon r 129) ^with the . 
gen6typeL r o:f th^ individual ! r &rt»m which ; the inoculum i s 
derived p Homozygosity -at* tehe codon 129^/pplymo^hism has 
a profound 1 influence .on ' t^liiijc'ici'ejrice ^of sporadic : CJD 

20 [Palmer et al. r Mature 5 35 z 1 3:4 0-3 42 : (:1 99113^. The MHu2MPrP 
transgerte' encodes" a^-Me^t; a^tf. codon -12 9 "and the. iatrogenic 
CJD case was ; homozygous .for Met CCollinge Jet .„ al , : Lancet 
,337:144^-1442^01^920^ r - .:c:ai. ' ev . 

v : -** A^humafi PrP^ gene 'is ^polymorphic :vat codon ^129.- m More 

25 specifically, normai :?human P^rP 'gene can ;be leither.. 

homozygous -Met/Met. -or 1 Val/Val or /heterozygous ; Met/Val :i ::at 
codon' 12 9 c -The eodon 129 j polymorphism inf luences. -the 
susceptibility of ^huraans "to prion disease and a;. 
^specif icaliy to - iatrogenic and sporadic. CJDt This 

30 polymorphic codon is -contained : in . the central region of 
MHu2MPrP which :is derived from human PrP. The DNA . 
sequence "useid to : generate Tg(MHu2M) mice encodes Met at 
codon 129. . The transgenic mice expressing MHu2MPrP with 
valine at codon 12 9 can be produced using similar 

35 procedures. 
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To break the- species barrier we have created an 
artificial PrP gene which, when inserted into a host 
mammal (such as a mouse) renders that mammal susceptible 
to infection with prions: which normally infect only a 

.5 .genetically diverse, test mammal (e.g. a human, cow or 
sheep) . . The artif icial PrP gene may include the natural 
PrP gene sequence of the host animal with one or- more 
(preferably less than 40) codon sequences being replaced 
with other codon sequences such as corresponding, codons 

10 of a genetically diverse mammal (e.g. a human, cow or 
sheep) . . 

In a specif ic . example of the invention the species 
barrier- is broken by inserting into a .mammal (a mouse) 
the chimeric gene (MHu2M) which is shown being assembled 

15 schematically- in Figure 1. In order to produce the 

chimeric gene* it is first necessary to obtain nucleotide 
sequences which encode human PrP. The human PrP genes 
ar$ then: subjected to the conventional PGR procedures in 
order to produce large numbers of copies of the gene or 

20 portions of the gene. The PCR product, is then isolated, 
specific restriction, sites are added, and the copied 
product is subjected to., specif ic: endonucleases in order 
to remove a middle section of t the human PrP gene. 
.Specifically,, restriction sites are added such that when 

25 the; PGR product is subjected to endonucleasss such as 
Asp718 as. well as BstEII, a section of the gene is cut 
out . The use of these two endonucleases will remove a 
center portion of the human PrP gene (codons 94^188) 
which portion encodes amino acid residues 94 through 188. 

30 Endonucleases are also used to remove a corresponding 

center portion of the mouse PrP gene. The removed center 
portion of the mouse gene is then discarded and the 
center portion obtained from the human PrP gene is fused 
into the mouse gene to produce a chimeric human/mouse 

35; gene;. Details of how the specific MHu2M gene was 
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produced are described in Example 1 and shown in 
Figure 1 . „ 

As shown with Figuire 2, there is a high degree 7 of 
homology between the removed center portion of: the human 
5 PrP-~ geiie and the. segment of the: mouse PrP gene: which is 
replaced/ Specifically^ the segments differ atqnine 
codonS. Thus/ when "the genetic material" is expressed, 
the resulting chimeric' MHU2M protein will-' differs from 
MbPrP at ^9 residues-. -These- residues and their: positions 
10 are showrin Figure 2-.~ n After t-he ^:himer~ic: g^n'e is 

produced, it can be microinjected into a mouse ' e<gg using 
known technology* as"' described" within Scott fet kl . , Cell 
" 5 Bz 8 47 - 8 &7 "(19 89) aiiS Scot tr efc : al'i , r Protein- Sci " : 1: 986- 
9 9'7- £ (18'£-2 ) and see" also' ; W091/1^810 published ID&cember 22, 
15 199-1 a T s well as other publications relating- to the- 

prbductibh-* b^ 'And-* known to 

fc'Kbs : e* fekllled In the'- : art ■-The'i^ eg£ is then 

impl^Lrited into ^mbuse "using known procedures . ■ Multiple 
eggs c"ah be ^Implanted into*' a single mouse -cind known 
20 frrcrbedures can^fee^ used : to 5 deterrriih^- whether the resulting 
offspring 1 are^^ran&g^nic* 1 mi'ce ; 'which' ihd'ude the ■ chimeric 
: gene- within- the^r-'gehoirhe^ rC Detai : -l : s ; of '"-'^his- proeddu-re are 
described" in &xatmple ! l " r '' : : " - r.?v,. r~-. 

■" We haves "successfully- broken the ~" specie^ barrier " by 

2 5 producing- -a- chiirhe'ric PrP- ; gene Wherein * "a middle port ion of 

the- mb'tfse PrP gerie is" replaced' with -a cbrrespondiiftg' 
middle portion of a -"human PrP gene" thereby leaving- the 
C-* and-' ^terminus "bf the mouse PrP gene intact'. r " -However, 
other se^fnehts- of the' mouse PrP gene can -be 'replaced with 

3 0 *bthe : r r hombiogous segments of the human PrP : gene a*id 

T - obtain 7 a 1 transgenic mouse- "which is subject to being 

readily ihfebted with human prions. ■ Thus/ the invention 
is not limited to ; the particular chimeric gene MHu2M or 
chimeric- mice produced* using this gene. The invention 
3 5 includes all types of transgenic animals which include 
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artificial genes wherein the artificial gene renders the 
transgenic animal susceptible to ^infection with prions 
which normally infect only a- genetically diverse animal. 



■ ' Additional -Chimeric Constructs 
5 The chimeric construct MHu2M described above 

includes codons for human PrP gene in the middle section 
of a mouse PrP gene. In that positive results were 
obtained" using such a chimeric, gene three additional 
chimeric genes were produced; which :are .referred to a 

10 MHu3, Hu3M and Hu4M. The chimeric ; gene MHu3 is comprised 
of a mouse PrP -sequence "from the start ; codon of- the PrP 
open reading, frame up .until codon -94 and has a human PrP 
sequence from codon 94 .to. the end of the PrP; open reading 
frame. The chimeric construct Hu3M is comprised of a 

15 human ; PrP sequence from the start of .the PrP open reading 
frame until codon 18S followed by a mouse PrP sequence 
from codon 188- to the ^end of vthe ErP jopen reading frame. 
The .chimeric construct Hu4M * is., comprised ;of a human PrP 
sequence -from the start of : the PrP. open reading f rame up 

20 until codon 223 followed by a mouse _-. PrP sequence from 
codon 223 to the end of the Prp open reading frame. 

Numerous specific examples of artificial genes of 
the invention can be deduced fx~om reviewing.: Figures 3, 4 
and 5. Specifically, one may start with the basic PrP 

25 gene of -a mouse (as the host ..animal) • which animal is to 
become the transgenic animal. Thereafter, one or more 
codons of the mouse gene may be replaced with one or more 
corresponding* codons of a human, bovine, or sheep PrP gene 
which codon is different from the corresponding, codon of 

30 the mouse gene but at the same relative position, in the 
gene. By showing that it is possible to. break the 
"species barrier" by creating a particular chimeric gene 
whereby transgenic mice can test for the presence of 
human prions we have opened the door for the creation of 
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other transgenic animals which wiil include other 
artificial PrP : genes which* fpr example/ ; can allow for 
the testing for the presence:. of bovine or^ ovine prions in 
a sample. The chimeric or artificial PrP genes can be 
5 used by themselves or irr r arv„animai ^xuhr-'^n^^^^ts^^rP 
gene background. >/ <' ~ » r r * ' 

High Copy Numbers - : - ' .? z ■ - ? 

• - The- present invention includes ?. transgenic^ animals 
wherein'- the "host ■ animal has _its -genome uCh.ang.ei3r to ; include 
10 multiple copies - of :the* -entire ;PrP -gene bpf :ac genetically 
diverge test -arttmal . <.= 'Thus ^ for example ; - the invention 
incliides transgenic mice and .-hamsters - altered: tQvinclude 
two fold'or hi : gher> l~evel&:£>£ expression.; of r. ther PrP : - gene 
^of a- genetically diverge f test janimal - such ■ a$ a human, cow 
15 : : br S*h6ep : . - ' The - : two fold ^or '.higher levels, ©fr- expression . 
•&an*«b'e obtained" by including chigherr copy numbers - such as 
^ - 3D 3Mr- mors copies :6f -the :PrP gene ;of -the genetically 
: * diverse* t6st-anim^l-and/or r by including ait enhanced 
^prb^ot£^ even a 

20 low 'iiuir\be£ 'of at'tee gene * r • ;• c f: •-■-■ir.o--. 

~ Hybrid A&imais " ; -: r ** " r- : ■. ^ :.rqc -rrr:.-™ 

r " Hybrids animals^ of . the -invention;: can- be- -produced by 
" crossing -ari animal v with an ablated; end0genpus pripn 
protein' ~ gelie ; with either of, the transgenic ^animals- 
25 mentioned above l r For example, a mouse; containing 

human/mduse chimeric prion is crossed with j a mouse: with a 
disrupted endogenous priori protein gene e . g . , . Tg ( Prnp 0/0 ) . 
Jsaternat/ively / a mouse containing a high copy number of 
huban prion: protein genes (e:g.,r 50. ± .25); is ^crossed with 
30 a mouse with & disrupted : endogenous^ prion protein gene 
. e.g-V Tg{Prnp 0/0 ) to obtain a hybrid' Tg (Hu-PrP) /Prnp 0/0 . A 
variety of 'different hybrids can be obtained by crossing 
an animal with an' ablated prion protein gene {i.e., a 
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null prion background) with different transgenic animals 
with different prion protein genes . - When successful 
hybrids are obtained they can be crossed to produce other 
animals which for the purpose of the disclosure are also 
5 considered hybrids if .they are susceptible to infection 
with prions which; generally- only infect a* genetically 
diverse species- A null prion, background means that more 
than 50% of the endogenous, prion, protein genes are 
disrupted, preferable more than .80%., xnore. preferable more 
10 than 90% and most preferable 100% so that.no endogenous 
PrP is expressed*,- - i . . v 

Tcr (MHu2M) - mice with shorter- incubation times 

The incubation time of Tg(MHu2iM) mice: inoculated 
with Hu prions is now; about, 200 days or less ±50 days, 
15 which can be reduced substantially by increasing the copy 
.number^ of the MHu2M gene -(e.g~.- to- about. 50 ±.-25) and 
thereby obtaining, an: elevated:.: level of expression- 1 In 
Tg (SHaPrP) mice/- the level of SHaPrP transgene expression 
was found to. be inversely proportional to. the length of 

2 0 : the>- scrapie incubation "time after Inoculation with SHa 

prions [Prusiner et..al. # Cell 63 :.q73-686 ..(1990) 1 , Thus, 
- i. producing Tg(MHu2M) mice with higher levels of transgene 
expression- is a means of : substantially reducing 
■" *. incubation time.- 

25.' Based on mother studies with Tg mice harboring a 

hamster PrP gene we have shown that the incubation period 
* for Tg mice (or any host) with a chimeric or artificial 
PrP gene can approach 30 days or less. For example, 
Tg (SHaPrP) /Prnp 0/0 mice containing more than 100 copies of 

3 0 a exogenous. PrP. gene ma : teriHl..have^an incubation time of 

approximately 25 days. 

In addition, removing MoPrP c ~by crossing Tg (MHu2M) 
mice onto an ablated background -(Prn-p 0/0 ) may also reduce 
the incubation time since Tg (SHaPrP +/0 ) 81/Prn-p 0/c mice 



WO 97/<T4814 



PCT/US96/I2S10 



- 39 - 

exhibit a 30% reduction in incubation, times, compared to 
Tg(SHaPrP^°) 81/Prn-p* /+ mice. fBueler- et *al;r., " Cell - 73:1339- 
1347 (1993) . Prusiner jet. al% / Proc . :? Natl ,. Acadl" Sci . 
USA 90-: 10608.- ; 10612 Novv. .1993~ Accordingly*, we . have also 
5 used fertilized eggs from; mice; in , which t the endogenous 
PrP gene has been ablated: as-: -recipients for . 
microinjection of:\the-MHu2M PrP construct .v tv- 

By systematically faltering, the extent and position 
of.- the - substitutions- in; other ^chimeric: Hu/Mo. PrP- 

10 constructs, it is possible- :fccr further* enhance the > 

susceptibility of Tg mice to Hu prio^-as j reflected by 
shortened incubation times. Shortening the incubation 
time is ^a- vrartlw^^ .f or r the. £ acilitatiorL of : many 
future.- studies ;in iprip'n research and: fox the /evaluation 

15 of pharraaceuticals, f oods,.x.t issues, organs, grafts/ 

. cosmeticsr.and other! substanfces .— .particularly substances 
which, havei some: portion- .derived fxdm an animal 5 such as a 
human* -which an ima 1^ iriight^- be' infect ed^with prions ■. 

- :ry - I ne genera 1/^ . therec is r .an= inverse^: relationship between 
20 thei" number:: .ofLcopi.es;: of; a < chimeric ori artif icial PrP gene 

: : ;aiidi the:; incubation: --time of disease- after - inoculation of 
* ^ the t iransgehic ^animal with prions^ .Specific MHu2M mice 
disclosed- -iierein..<ihave ronly '.3 or 4 - copies o£ the MHu2M 
genev i The number, of: .copies, can- be increased - to 3 0 to 
25 400 , thereby significantly reducing, the incubation time 
from;; about 200 days 1 .to 50 days ± 20- days .'or less. Those 

- skilled in the. art will .understand that the copy number 
^should not be, increased to' a point where the animal will 

spontaneously develop disease., 

30 Pathogenic mutations and polymorphisms 

There are a number of known pathogenic mutations in 
the human PrP gene. Further, there are known 
polymorphisms in the human, sheep and bovine PrP genes. 
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The following is a list of such mutations and 
polymorphisms: 

MUTATION TABLE 
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Gene Constructs Containing Mutations 

Several different PrP gene constructs are described 
above. One typical example of the constructs is MHu2M 
which includes the N- terminal and C- terminal portions 
5 of a mouse PrP gene but a center portion replaced with a 
human PrP gene wherein the human sequence "includes codons 
corresponding to the mouse ccdons replaced 1 . As indicated 
above similar chimeric genes are produced by replacing 
corresponding codons within the middle area of the mouse 

10 PrP gene with codons of the PrP gene of a sheep or cow; 
The mouse produced would then be susceptible, 
respectively, to prions which infect sheep or cows. 
However, this general method of creating chimeric genes 
and using the genes to create chimeric mice can be 

15 further refined as described below. 

The above mutation table shows that many animals 
include specific mutations and polymorphisms at specific 
sites. When a mutation occurs the individual with the 
mutation may develop the symptoms of prion disease 

2 0 without ingesting infectious prions. Homogenized brain 
tissue from such individuals can be used to inoculate 
transgenic animals that will then develop symptoms of 
prion disease. 

Transgenic mice with chimeric PrP genes inoculated 

2 5 with brain tissue derived from an individual with prion 

disease resulting from a mutation per the above mutation 
table may not cause symptoms or may cause symptoms of 
prion disease only after an extended time. The present 
invention provides a means of resolving this problem. 

3 0 Specifically, the chimeric gene is created using a 

sequence from another animal which includes a mutation. 
As an example the human middle section can include the 
human mutation at codon 102. When the human sequence 
portion is included with the 102 mutation and a 
35 transgenic animal is created the resulting transgenic 



BNSDOCID: <WO 970481 4A1_I_> 



WO 97/04814 



^PCT/US96/12510 



- 42 - 

animal* will develop symptoms of prion disease when 
inoculate with homogenized brain tissue from a human who 
had prion disease as a result of the mutation. In 
' certain instances/ when v the transgenic mouse does not 
5 include the mutation which would correspond to the 

'mutation (which resulted in~a disease, of the individual 
from which brain tissue was extracted) the inoculated 
transgenic animal will .not develop symptoms. 
- Accoridrigly, per the present invention . it is; desirable to 
10 create a variety of- different chimeric PrP genes-. In, 
each of the different PrP, genes the. human section is 
chanaged so that a different ■: mutation; appears . When a 
transgenic, mouse is- made which t includes ; chimeric genes 
wherein the human portion of the. different genes includes 
15 the different mutations- the mouse will, develop symptoms 
of prion disease regardless of t-he type of prions the 
mouse is inoculated with: . The same Results will be 
obtained with respect to sheep> cows or other animals. 
More specifically, by; determining, the point, of mutation 
20 in :the PrP gene which results - in prion disease (of a cow 
or sheep) one can include such mutations into the 
chimeric gene beixig created. . When such a chimeric gene 
(e.g. , mouse/cow) is.- included within the. transgenic 
animal the .resulting animal will develop symptoms of 
25 disease regardless of the type .of prions used to 
inoculate the animal;. ...... 

" ' - ' The DNA sequence of the human, sheep and cow PrP 
genes have been determined allowing, in each case, the 
prediction of the complete amino acid sequence of . their 
30 respective prion proteins. The normal amino acid . 

sequence "which occurs in .the .vast majority of individuals 
is referred to as the wild-type PrP sequence . This wild- 
type sequence is subject to certain characteristic 
polymorphic variations. In the case of human PrP, two 
35 polymorphic amino acids occur at residues 129 (Met/Val) 
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and 219 (Glu/Lys) . Sheep PrP has -two - aminq acid <- 
polymorphisms -at residues 171 rand -136, while bovine PrP 
has either five or six repeats -of. an: eight amino -acid 
motif Sequence in r the -amino; terminalj region of t-he mature 
5 prion protein^ While . none/ of;- these polymorphisms are of 
themselves 'pathogenic , they appear- to 'iniluence prion 
diseases. Distinct from these.;normal„ vjBrri^tions. of the 
wild-type prion proteins p certain mutations: ; of Jzhe human 
PrP gene- which alter either- specif ic amino .acid - residues 
10 of PrP ^ or the number* of joetarepeats h&ye ;fceen 4-dentified 
which segregate with inherited human: p^rion; ^diseases . 

In ordeir to. provide : further meaning :%o *t*late ? -.above 
- chart- demons taratdhgr. the:. mtita£,XQns and ; iPQlynK>xphismsv one 
-£a-n reffe£* to th£": published sequences- -of PrP genes;,,; For 
15- example f ^ a chickeii, ^bovinei ' sheep.; s rat and rinouse . PxP gene 
: are ; 'dite"t:los^d^atxd published;? within Gabriel et al{. Proc. 
Natl AOaa, S^ci; TJSte - 83 i 90 97^:91^1- 41992.).. - The sequence 
— for-trhe" Syrian- hSm&ter ^A-s y published^ An Easier .et ;.al . , 
T ^ Ce3rl : 46 z 417-428 Xl.9®6$r: i f TThe--Prp-i gene io£ :sheep X3 . 
20 publ!ished v by r GSldmanH ; et: a3, :^ Procrv Nat-1 . -AGad.. Sci . USA 

8 7 i'2'4 7 6— 2 48 0*' { 19 ^0 ) t"? The'-' PrP * gene sequence cf or bovine is 
- ; ^^*publi&'Iied , in Go*idm"^n^et *a-lr,^:- J:. ■Gem;i V-rrol r ■ 72 :t2 Ql - 2 04 
'{IS'S-I-Y'J 1 ^ The' sequence £~or-'£chicken'' PrP" gene c is published 
-in Harris -et"; al". ^ ^Prbc'. - NaftQ. ^iAcadi^JS^^ USA SS::76&4-7668 
25 (1991-) -^The ;PrP *gehe sequence f or, ^ 

Kretzschmar et al . , J. Gen. Virol./ ~7Z: 2757 r 2761-(1992) . 
The hutfvah- PrP gene'rsequence 'is : published /;in Kretzschmar 
et "atY, DNA ~ 5 :315.-324> -01986) a ' - .The . PrP rgene sequence for 
" - moiise is "published- in .Lochia et.al. ,: rProe. Natl. -Acad. 
30 Sci. USA '83 ':• 6 3'72 -:6 37 6 f Cl 98 6 )..-,. The: Pr : P gene sequence for 
sheep is publ-ished in Westaway et al-. . - Genes Dev. 8:959- 
969 (1994). These publications are -ali incorporated 
herein by reference to. disclose and describe the PrP gene 
and PrP amino acid sequences. 
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Differences in the conversion of MHu2MPrP c 
and HuPrP c into the scrapie isoform in mice 

The fundamental event in prion propagation seems to 
be the conversion of PrP c , which contains -43% t*-helix and 
5 is devoid of /?-sheet, into PrP Sc " which has -44% /?-sheet 
[Pan et al. / Proc . Natl . Acad. Sci . USA 90:10962-10966 
(1993) ]. From the results of Tg(SHaPrP) mouse studies, 
this process is thought to involve the formation of a 
complex between PrP Sc and the homotypic substrate PrP c 

10 [Prusiner et al.. Cell 63 : 673-686 ' (1990) ] : . Attempts to 
mix PrP Sc with PrP c have failed to produce nascent PrP Sc 
[Raeber et- al / JV Virol . 66 1 6155-6163 ^ (19-92) ] , raising 
the possibility that proteins such as chaperons might be 
involved in catalyzing the conformational changes that 

15 feature in the formation of PrP Sc . One explanation for 
the difference in susceptibility of Tg (MHu2M) and' 
Tg(HuPrP) : mice to Hu prions in mice may be that mouse 
chaperons catalyzing the refolding of PrP c into prP Sc can 
recognize MHu2MPrP much more readily than HuPrP. 

20 Another possibility is that sequences at the 

N- or C-terminus of HuPrP inhibit the formation of PrP Sc 
in murine cells. To test this possibility, HuPrP 
sequences are substituted for the Mo sequences at each 
terminus of MHu2MPrP. Comparison of the PrP sequences in 

25 many mammals around the GPI anchor addition site (codons 
227-235) reveals an interesting difference of four amino 
acids between- rodents and primates [Stahl et al., 
Biochemistry 31:5043-5053 (1992)]. In support of this 
hypothesis is that rodents also differ from ruminants 

3 0 including sheep and cattle at this site; sheep prions 

have failed to transmit neurodegeneration to Tg(ShePrP). 
In these experiments the transgenic mice expressed the 
entire sheep PrP gene. 

In contrast to Tg (MHu2M) mice , the overall 

3 5 transmission rate of Hu prion inocula from a wide variety 
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of sources was less than 10% in Tg (HuPrP) mice, no . 
different from "the rate observed' in non £ Tg -mice . 
Likewise the conversion of HuErP c . into v HuPrP Sc in 
Tg(HuPrP) mice appears to b$ a r^lat,iyely infrequent 
5 event similar to the rare conversion of Mo^rP 0 . to PrP Sc in 
response to human prions . u The low rates of transmission 
in these mice do not ■ seem to be a . consequence of. low 
titers of human prion titers: ^ two inocula r which .failed 
to cause disease in .Jg (HuPrP) _ mice - transmitted to ,100% of 
10 inpculated Tg<(MHu21vU animals. , v - ; ^ 

New, Approaches To Investigating Human Prion Diseases 
z _ I^e^reraar^able-^ens.it.iyity jcxt Tg (jy[Hu2M)„ rriice to Hu 
prions . represents ,.an important advance in ^ . . r . . 
neurodegenerative disease research. Based. ; on the present 

15 diaclosu^e; ^^arding ,chimeric..Hu/Mp PrH jtr;ansgenes, we 
c conceived, v qf a , similar approach, r to . the ^.construction of Tg 
mice susceptible to .BSELand^ scrapie sheep prions... Such 
would- fee.. -use f ul v in;.detectipg .prion, diseases^ in .domestic 
animals . -The ^imRortance,,of v .anima.l ..prion c^i^ea.ses is 

20. il2usjtrated,-by _BSE .ox !!madgCGW disease", in J3reat. Britain, 
whe^re : ^150 ^0QO ..^cattle have .died^and serous .consideration 
has be,eA r gi ven t<? slaughtering .million? . pf catjtle^ L 
potentially r ,inf ected,. with .prions , . : ,.This. prion ^disease BSE 
is thought to, h^ve originated with cattle consuming meat 

25 and bpne raeal^produced, f rpm s)ieep c of f al v ,CQntaining 

scrapie prions [Wi^esmith, ^ . W . , Semin. Viro.. 2^239-245] . 

The r BSE epidemic has led- to , qonsiderable. concern 
about the safety fpr humans ; of European beef and other 
cattle products. .Epidemiologic studies oyer the past. two 

30 decades have ..provided much data, arguing that , humans are 
unlikely to contract CJD from scrapie- infected sheep 
products [Harries- Jones et al . , J . Neurol . Neurosurg . 
Psychiatry 52:1113-1119 (1988); Cousens et al . , J. 
Neurol. Neurosurg. Psychiatry 53:459-465 (1990); Brown 
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et al., Neurology 37:895-904 (1987.)] There are seven 
amino acid substitutions which distinguish bovine from 
sheep PrP which must be - considered in drawing conclusions 
from sheep scrapie about . the: risk factors to humans from 
. . 5" -BSE. Whether any of these seven amino acid substitutions 
render bovine prions permissive in humans remains to be 
established. It may be -that Tg(MHu2M) mice are 
susceptible tor bovine as well as sheep prions. Of 
perhaps even- greater / importance, . Tg(MHu2M) mice have 
10 immediate application in the - testing of. pharmaceuticals 
for human prion contamination. -The Tg(MHu2M) mice 
described here provide a sensitive, reliable, and 
. economical bioassay for detecting.- the presence of human 
prions. . • ■ . ~ 

15 Standardized: Prion Preparation : „ : . - 

Standardized prion preparations are produced for use 
in assays so as to improve the reliability of the assay. 
Although the preparation; can be obtained from any animal 
it is preferably: obtained f rom, a host animal which has 

20 brain material, containing, prions of a. test animal . For 
example, a Tg: mouse containing, a, human prion protein gene 
can. produce human; prions and- the^ brain of such a mouse 
can be used to create a standardized human prion 
preparation; The preparation; can be. further standardized 

25 by repeating the above, process. -More specifically, per 
the above process some prion containing material must be 
.used to inoculate the transgenic mice. The source of 
that prion containing material may itself be 
unpredictable and result in infecting transgenic mice in 

3 0 different ways. Thus, if the transgenic mice are 

infected with a non-standard .material some may develop 
the symptoms of prion disease at different rates and some 
may not develop symptoms at all. If a group of mice 
which develops symptoms of prion disease at the same time 
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are sacrificed and their brains extracted^ and homogenized 
such will cre&fce a relatively -standard prion preparation* 
This preparation ban then be . used: to inoculate : a new 
group of '- transgenic animals . i " This - process ., can be 
5 repeated' a numbers of times ; e..'g . ) c lvto 1$ % times or mnt il 
such point as- all r of . the transgenic miaei : ara developing 
symptoms of pribn--disease at ^approximately ^Che . same point 
in time after, inoculation with-. the standardized- 
"preparation. ' Further" detail s: of f how:; to rproduoe -a 
10 standardized preparation are provided beiowr-£ 

? Iti'^thaf the preparation is to be a.:!' standard" it is 
preferably obtained ; from, a battery i e~.gr. > r3~ChQ; ;-i?000, or 
more animals) of substantial' identieali: aniroals,r: - For 
example, 100 mice all containing a very high icopy^number 
15 of human PrP genes (all polymorphisms and mutations) 
would spontaneously dev , elQP^di;s$_ase ^and jthe;;J^ 
• frdm^aoh: cot&dE bfe combined to..Tnake^a ; iusefTil ..standardized 
-prion preparation ^.^ - - ■ ' "~ c> ; .:. ; 

' - St^hda^dized -prion- preparations ; cair ber produced 
20 : usih'g' ahy 'bf - thes ^riodif led host^-ftiaxnmalBr*ofr stitae present 

invent- ibrv.' ^For Example; ;s:tandardi2edT>prio^ preparations 
^ cbultfi b& p^bdu'e'ea'-' usi|ig~toicev'- rats:;,: hapst-era,: ror. guinea 
^•■"pi^s Which are- genetically modif iedcper rthe^ present 

invehtibri ^b ' r that-- they ' ar§ : sti&eeptibie- to -dunf ection with 
25 prions which* pri^n^ would 'generally- only, .infect : 

gene£ically/ r divefse species ' suchi as.^ a- human / cow/ , sheep 
or hbrse -* and- which-modified. host mammals will; develop 
clinical' signs bf" CNS" dysfunction within: a period of time 
of 350 days -or less after inoculation, with. prions . The 
30"- most preferred host-: mammal is a. mooise in part because 

they are ine!xp£nsive to use and becausena ^greater amount 
of experience ha ; s been obtained- with respect jto 
production of transgenic mice than, with respect to the 
production of other types of- host animals. 
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Once an appropriate type of host is chosen, such as 
a mouse, the next step . is .to choose the, appropriate type 
of genetic manipulation. to be utilized to produce a 
standardized prion formulation. For example, the mice 
5 may be mice which are genetically modified- by the 

insertion of a chimeric gene of the invention.. Within 
this group the mice might -be modified by including high 
copy numbers of the chimeric gene and/or by the inclusion 
of multiple promoters, in order to increase the level of 

10 expression of the chimeric gene. Alternatively, -i hybrid 
mice of the invention could be used -wherein mice which 
have the endogenous -PrP gene ablated are crossed with 
mice which have a human PrP gene inserted into their 
genome. .There are, of course; various subcategories of 

15 such hybrid mice. For example, the; human PrP gene may be 
inserted in a. high copy number an/or used with multiple 
promoters to enhance; expression. In .yet another 
alternative the- mice could be produced by inserting 
multiple different PrP genes into the. genome so as to 

2 0 create mice which are susceptible to infection with a 

variety of different prions, i.e., which generally infect 
two or. more typesi of test animals. For example, a mouse 
could be -created -which included a chimeric .gene including 
part of- the sequence of a -human, a separate chimeric gene 

25 which included part of the sequence of a~ cow and still 

another chimeric gene which ' included part of the sequence 
of ^a sheep. If all three different types of chimeric 
genes were inserted into the genome of the mouse the 
mouse would be susceptible to infection with prions which 

30 generally only infect a human, cow and sheep. 

After choosing the appropriate mammal (e.g. v a 
mouse) and the appropriate mode of genetic modification 
(e.g., inserting a chimeric PrP gene) the next step is to 
produce a large number of such mammals which are 

3 5 substantially identical in terms -of genetic material 
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related to prions ; More specifically:,- each-: -.of the mice 
produced will include an identical chimeric gene present 
in the genome .in -substantially the. sanv£ .copy- ..number . The 
mice should be sufficiently .identical, genetically in 
5 terms of , genetic, material relate.d to priorts that 95% or 
more of the mice will develop, clinical, signs- jof ; . CNS 
dysfunction within ;350 days or. less, after inoculation and 
all of the mice, will develop such- CNS -dysfunction at 
approximately the same time e.g;., within *±\ 3.0 days of 

10 each other. ; :;: . ?-^v - m*.::*- - ■ .; ■ ';; , 

-Once a-, large group e..g.-j> 50 or .more, - more preferably 
10.0 or more,:: still' more -preferably; 5 OA ;0r^ more of such 
mice are produced rThe next -step, is \to- /inoculate: the 
mice with prions which .-generally only .inf ect a : - . 

15 -genetically diverse mammal <e.g*;/: prions, from a human/ 
sheep, : cow or: horses -The; amounts ;giverb to. different 
groups of ^mammals couldcbe varied. vAfter inoculating the 
mammal s^;with: the :_pr ions ::t he ...mammals • are" observed until 
the^ mammals exhibit : symptoms; of- prion .infection e.g., 

20 clinical sighs, of; GNS .dysfunction. :After exhibiting the 
symptoms :of .'prion .infection the braiir loir, at; least a 

■.; portioru;of>. the: brain; tissue :.of aach.£Qf ; the mammals is 
: extracted. .The . extracted ;l>rain tissue^s homogenized 
which provides <~the standardized = prion: preparation . 

25 - KAs ;an. alternative to -inoculating rfeih.e. .group of; 

transgenic mice .with prions if rom; -a genetically diverse 
animal it:- is;- possible torproduce mice; ^whicti spontaneously 
develop, prion related, diseases... sThis can be done, for 
example,, by includingr extremely high copy numbers of a 

30 human PrB-.gene/ into a mouse genome;.- When the copy number 
is raised tQ', for /example z IQQjor. more copies, the mouse 
will spontaneously develop cliiiieal signs of CNS 
dysfunction and have, within its brain tissue, prions 
which are capable rof infecting humans The brains of 

35 these animals or portions of : the -brain tissue of these 
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animals can be extracted and homogenized : to produce a 
standardized prion preparation. 

The standardized prion preparations of the invention 
can be used directly or can be diluted and tittered in a 
5 manner so as to provide for a variety of different 
positive controls. More specifically, various known 
amounts: of . such standardized preparation can be used to 
inoculate a first set of transgenic control mice, A 
second set of substantially identical mice are inoculated 

10 with a material to be tested i.e., a material which may 
contain prions. A third . grqup of substantially identical 
mice are not injected with any material. The three 
groups are then observed. The third group, should, of 
course not become ill in that the mice are not injected 

15 with any material. If such mice do. become ill the assay 
is not accurate probably due tQ ; the result of producing 
mice which spontaneously develop disease. If the first 
group, injected with a standardized preparation, do not 
become ill the assay is also inaccurate probably because 

20 the mice have not been correctly created so as to become 
ill when inoculated : with prions which generally only 
infect, a genetically : diverse, mammal. However, if the 
first group does become ill and the third group does not 
become ill the assay can be presumed to be accurate. 

25 Thus,, if the second group does not become ill the test 
material does not contain prions and if the second group 
does become ill the test material does contain prions. 

By using standardized prion preparations of the 
invention it is possible to create extremely dilute 

30 compositions containing the prions. For example, a 

composition containing one part per million or less or 
even one part per billion or less can be created. Such a 
composition can be used to test the sensitivity of the 
transgenic mice of the invention in detecting the 

35 presence of prions in the sample. 
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Prion preparations of the present invention are 
desirable in that they will include a constant amount of 
prions and are extracted from an isogeneic background. 
Accordingly, contaminates in the preparations will be 
5 constant and controllable. Standardized prion 

preparations of the invention will be useful in the 
carrying out of bioassays in order to ^determine the 
presence, if any, of prions in Various- pharmaceuticals, 
whole blood, blood fractions; -foods,- cosmetics, * ^organs 

10 and in particular any material which is-* derived from an 
: animal (living or dead) suehas organs;- blood" and ~ 
products thereof derived'* r from living 'or dead:- humans . 
Thus , standardized^ ;prioi£ -preparations: of ; the - invent ion 
will be valuable in ^validatirig purification 'protocols 

15 where preparations -arie -spiked and reductions in teeter 
measured for a particular ^roce^ss . ; - ' - .-: » 



Measuring Leve-Isi Off ^±"icMs r - ' : - v : ' „ 

: The present invention : -can be' utilised to determine 
the concentration '<5f prions - (which generally^ only infect 

20 a genetically ^diverse -ariim^l ) Within^ a* given : sample . The 
transgenic* mice make- *it possible 'to ■ test- for-, the"- positive 
presence of pribns-i-wiclxrn 'a -satftple £ The mice- a£*e capable 
of detecting the presence ^of prions in "-a 'concentration as 
low as 1 ppm or even 1 'ppb or less;- The .procedure for 

25 doing such- will be apparent -^to thos£ skilHed in" the art 
upon a review of the present disclosure 1 , in ^combination 
with an- article entitled "Measurement Of The Scrapie 
Agent Using An Incubation Time Interval Assay, " published 
by Prusiner, et al, Annals, of Neurology 11:353-358 

30 (1982) which is incorporated herein by reference to 

disclose such a method of measurement. In general, the 
method is carried out by determining the titer, of the 
prions by carrying out measurements of time intervals 
from inoculation to onset of symptoms and from 
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inoculation to death. The intervals are inversely- 
proportioned to the size of the dose injected 
intracerebrally ♦ The logarithms of the time intervals 
- - minus a time factor are linear functions of the 
5/ logarithms of the inoculum size. 

. Chimeric PrP Gene - 

Since the fundamental event underlying prion 
propagation seems to be a conformational change in PrP 
[Pan et al., Proc. -Natl. Acad, Sci . USA 90:10962-10966 
10 (1993) 3 und mouse PrP differs- from human PrP at 31 

positions out of 254 [Kretzschmar . et al; f PNA 5:315-324 
i (1986)] we constructed modified PrP transgenes. 
Chimeric SKa/Mo transgenes, have-produced prions with new 
properties, the most useful being the chimeric SH^/Mo 
15 transgene labeled MH2M which carries. 5 amino ^acid 

substitutions found: in, SHaPr.P- lying, between codcms 94 and 
188. [Scott -et al,,. Cell 73:979-938 {1993 )]. -We made an 
analogous chimeric human/mouse PrP gene, which we call 
MHu2M, in which the same region of the mouse gene is 
20 replaced by the corresponding human sequence which 
differs from mouse PrP at 9 codons -as is shown in - 
Figure * 2 . *, - : •-. > - ; 

Mice expressing the MHu2M chimeric transgene are 
: . susceptible to human prions after abbreviated incubation 
25 times. Wore specifically/ the transgenic mice of the 
present invention which include the chimeric MHu2M gene 
- will, after inoculation with human prions, develop 
disease symptoms attributed to the prions within about 
.200 days ± 50 days . Further, 80% or more the transgenic 
30 mice of the invention inoculated with human prions will 
develop symptoms of the disease, more preferably 98% or 
more of the mice will develop symptoms of the disease. 
..According . to experiments carried out, 10.0% of the 
transgenic MHu2M mice inoculated with human prions 
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actually developed symptoms of the disease in about 200 
days or less ± 50 days. " - 

These findings indicate that murine : cells* cannot 
readily convert HuPrP c -into HuPrP Sc but they can .process 
5 MHu2MPrP c into MHu2MPrP^ . n Since Tg(MHii2M)~ mice develop 
neurodegeneration more rapidly than monkeys, they provide 
a preferred host for bioassays of inf jeQjtiyity _i.n tissues 
of humans dying of prion diseases-. f . 1 The; Tg (MHu2M) mice 
disclosed here in" provide: an excellent: * system for 
10 assessing"" the..- sterility ;o£ pharmaceuticals as -well as 
tissue and organ gra^t-s: prepared: from, human sources. 
Other transgenic^ mice 'which-.include :the;.prion protein 
gene "of-*- the animal an- dagger* of infection can 'bemused to 
'test Samples * fot'- pi-i^n 1 ^ diseases which" can inf ect- domestic 
15 'animals -such as- feheep^ and battle;- ---^ -\r 

" "Samples for-'a'fesaV 'Way-^be - obtained -from *any • source , 
* - ( including animalr &iid- pfifiLtit » 'sources :~ Such- samples are 
^prepared ; f or t inocuiatidh irvto^ the transgenic: mammal by 
the^'methods described^ 'he^ those 
20 skill£d>iii' the- art". "-zlt? f-r.;. ;>r. • l.^tV r- !•■:.;.•'•. 

Ch infr e r i'e - MHu2 Gene" - c - ~ c ' '-^-.or: -\c : ;■. *.. . 

Figure 1 is shown regarding how to create'- the 
^- r chimeriG^MHu2M' gene . '"'At ^ first we- engineered a new Kpnl 
■ site - ih~ the 'HuPrP ORF^ cassette .(shown ^shaded) ' ^ changing 
25 -nucleotide- 282 from a~^ytosine -to a thymine residue by 
PCR-niediated mutagenesis'; This * mutagenic: change : 
conserves the amino "acid sequence, of. HuPrP. ic-A second 
oligonucleotide prifner- complimentary to v DNA sequences 
around the Bst Ell -cut product was used to. replace the 
30 corresponding MoPr P^ gene ^ fragment (the . MoPrP- gene is* 

unshaded) creating the- hybrid gene MHu2Mv Microinjection 
of a* cosSHa.Tet cbfistruct bearing this expression 
cassette resulted in founder animal" "Tg (MHu2M) FV3-B5378 . 
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An expanded representation of the region of MHu2MPrP 
between codons 94 and 188 which is flanked by MoPrP 
sequences {Figure -2) . MHu2MPrP differs from MoPrP by 
.* nine araino acids in the region between amino acids 96 and 
5 167. These amino acid residues which are derived from 
HuPrP are shown - on the lower section of the diagram; the 
amino acids at the same position of MoPrP are shown 
above. The discrepancy of amino acid positions is due to 
MoPrP having- one less amino acid than HuPrP in the region 
10 immediately upstream from the replacement. 

Artificial PrP Genes . - 

The real power of the- present invention lies in the 
understanding that a variety of . -different artificial PrP 
genes can be ^created which, . when inserted into a host: 
15 animal, will render that animal susceptible, to infection 
with prions which normally only infect, a. second and 
genetically, diverse test animal . - There are nearly an 
infinite number of possible artificial PrP genes which 
would meet the .basic criteria of .the invention, i.e. 

2 0 rendering a • mammal such as a mou^e susceptible to 

- infection with, prions which normally infect only a 
genetically diverse test animal such as a human. The 
MHu2M gene of the . invention : is only one specific example 
of an artificial gene which achieves the primary object 
25 of the invention. By reviewing Figures 3, 4 and 5 
numerous other artificial gene possibilities will be 
deduced by those skilled in the art. Specifically, 
referring to Figure 3 one can readily determine the amino 
acid sequence of mouse PrP and observe the positions 

3 0 wherein the mouse .PrP sequence differs with a human PrP 

sequence. Thus, to create an artificial gene one can 
substitute a codon (or sequence of codons) of a mouse PrP 
gene with a codon (or sequence of codons) of a human PrP 
gene at the same position which will encode a different 
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amino acid — any (but not all) of the codons where 
different sequences- appear can ±>e us-edrf .or. substitution . 
Mutations in PrP genes can also be taken into:, 
consideration and "used to; create chimeric genes- with 
5 further advantages. -as; described . above* . It v will be. 

understood by. : those ^skilled in. the art,v that 9 a if al ; l of 
the codons where differences appear /between- the mouse and 
the human were substituted, the iresultingr gene would be 
the human PrP gene , which . is; mot- part: of the presexit 

10 invention. However/ as. ^explained above, . t&e-,. entire human 
PrP gene can be inserted into a host animal such as a 
mouse to create a transgenic animal :Cof j^hfe^. a^yentipn , 
expressing two fold ~asr-*high-e«r .levels; jo f human" PrP c are 
included: Transgenic mice 1 -expressing only iowx:levels of 

15 - human PrP c are unLikely^to become, illx after inoculation 
- with human options.- ^ However ,: : £±f the:;level . of . human. PrP c 

expression is "e'l^vated, : the -transgenic -animals beoome 
- susceptible to :*inf ection:,with human prions..-; This: Is 
another ; : mearis .^of ^overcoming. the r specieeL-barrier- by. what 

2 0 is referred-' 1 t : o as^a stochastic process^.: r,^- .; e .* 

' " Ref ^^i^ng. to ^Eigur€£s 1" andn.4 itr ean-be. saeih:how it 
wOuld~be -possible . to~prodlrce^art if iciail t PrP^ .genes' wherein 
• the - £essulting f gene ^could :be .inserted 1 iht<?; ar mouse'in 
: b order to ^render the .mouse csusceptible to ±n± ectiotfi* with 
25 bovine -^prions : A similar . strategy with- respect . to, 

producing a mouse which /would be susceptible to infection 
with: sheep prions can * be ;;deduced from -reviewing: Figure 5. 
In addition - to these possibilities those skilled - in the 
art will -recognize -that in certain -instances*,.. completely 

3 0 art if iciali. nucleotide ^sequences, can -be -us ad a ^ 

corresponding -substitutes for a -portion of the > natural 
sequence in order .to obtain ; a useful artificial -gene 
which, when inserted intoian animal will render that 
animal susceptible to -infection .with ..prions which 
35 normally would infect only a genetically diverse mammal. 
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Other artificial genes of the invention include 
genes which may be native or artificial and are 
operatively fused to an enhanced promoter such as a 
neuron specific enolase promoter. The enhanced promoter 
5 is such that when inserted, into the host mammal will 
express the PrP. gene> at. a level sufficiently high to 
render the host animal susceptible to infection with 
prions which normally only infect a genetically diverse 
test animal. 



10 Evidence of Disease . 

PrP Sc has-been found in /the .brains of affected 
Tg(MHu2M). mice after inoculation with Ku(CJD) or Mo(RML) 
prions. : Brain homogsnates- of Tg (,MHu2ML .were either left 
undigested or digested with proteinase ;K , (BMB), at a final 

15 concentration of 20; /ig/ml for 1 hour -at ; 37?C (even 

numbered .lanes) _ Samples were jresplved by SDSPAGE and 
then analyzed .by .Western blot%r . . . 

The distribution of PrP c . and- PrP^ c in clinically sick 
Tg (MHu2M) mice inoculated with Mo (RML ) -and Hu (CJD) prions 

20 were detected by. the histoblot. ^method „The histoblots 
included those of. coronal sections through the region of 
the ..hippocampus and -thalamias. Differences are observed 
between:: (A| PrP c in Mo {RML) . inf. ected; mouse ; . (B) PrP c in 
sporadic CJD RG- infected mouse; {C) PrP Sc in Mo (RML). 

2 5 infected mouse; (D) PrP Sc in sporadic CJD RG- infected 
mouse; (E) PrP Sc in sporadic CJD EC- infected mouse; and 
(F) PrP Sc . in. iatrogenic CJD (#364 ) -infected mouse. 

EXAMPLES 

The following, examples are put forth so as to 
30 provide those of ordinary skill in the art with, a 

complete disclosure and description of how to make and 
use the standardized preparation, chimeric genes, 
transgenic mice and assays of the present invention, and 
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are not intended to limit the scope of what the inventors 
regard as their invention. Efforts*- have <heen made to 
ensure accuracy with respect to numbers use<i (:e.g.-c 
ambunts, temperature, 6tc.) but. some experimental errors 
5 and deviations should be accounted for. Unless indicated 
otherwise, parts are parts by:" weight , : .molecular," weight is 
weight average molecular 'weight,* tempexature i&tim 
degrees Centigrade, arid ^pressure* is at or .near 
atmospheric . 



1 0 Example 1 ~ ^ =r ,^ r ; . r ^ s_ . v 

Construction :of i:Chimeric .vGene:.(MHu2M) 
' The source; rof* the: HtiPrP-.0RF: -fox* construction of an 
expression cassette }ias*; been: described ; [Hsiao -.et :al . , 
Nature <33-8 : 34 2?^3&& HISS'S >> The' const ruction, ,o.f ,* the 
15 MHu2M -gene is" -described - in connection. with the 

description of - Figure -X;-- -All -PrP ORF cassettes, were 
flanked by Sail and Xhol-i • Which-ciieave "immediately 
ad jaoent "to- -the= PrP" initiation and: termination codons of 
• "---the^-PrF^OkF respebtively/v ailawing- ;for : .convenient ;c 
20 ^ubdloriing "-^ costnid: expxession ivector 

■■-[Sebte et " ,: al :^' *Gel^ •"73?£79-&88 '42:393) R-e-*rhe < isolation 
■ v "-and J SGreeriin^'-6f -refebmbitiant cbsmid- doners was. achieved 
by methods : whicii have beeri ^previously described 'tScott 
et'^alV, Cell ^73: 973-98B- (199^)Jo.^ i/ -CH .r;.- 

25 " r. . j. :i : : . - Example 2 :. ■""■::-> 

~~' r - Produc iner -'■ Transgeni a:Mice/ Ta ( MHu2M) 
The nucleotide sequences of the HuPrP and MHu2MPrP 
ORFs of Example 1 w.er.ej [Vex i f ied. The cosmid Notl 
fragments, ''-recovered rf rom.rlarge-scai.e rDNA preparations, 
30 were used- f Or --microinjection ;into .the pronuclei of 

fertilized C57BL/6 X SJL or EVB/N- oocytes as previously 
described [Scott vet aL.> Cell. 55::84.7;-8~57- (1989); Scott 
et al., Protein Sci. " 1:986-997 (1992)] . Genomic DNA 
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isolated from tail tissue of weaning animals was screened 
for the presence o_f incorporated transgenes using a probe 
that hybridizes to the 3 ' -untranslated region of the 
SHaPrP gene contained, in the cosSHa.Tet vector [Scott 
5 et al. . Protein Sci. 2:986-997 (1992)]. The offspring 
obtained were , tested and it was confirmed that the 
chimeric MHu2M gene : was integrated into the genome. of 
these offspring. As .shown in. Example 5 below, these mice 
were found to be susceptible to Infection with human 
10 prions 100% of the time, 

. Example 3 
Preparation of ~ Brain Homocrenates 
; - A 10% [wAv] homogenace of a: sample of thawed human 
brain tissue was prepared in phosphate buffered saline 
15 lacking calcium and magnesium ions. The tissue was 
initially ^dissociated usirigja sterile -disposable 
homogenizer , and this, suspension' was subjected to 
repeated extrusion through an 18. gauge syringe r.eedle 
followed by a 22 gauge needle... - Samples for. inoculation 
20. into test animals were diluted^ 10 -fold- , Homogenates of 
clinically sick .Tg and non—Tg mouse brains : were prepared 
in*..the same . way .except forth?* omission, of ; the initial 
dissociation: step. . . ; . ; 
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Example 4 - w 

Sources of .Prion /Inocula : 
Human inocula-. were derived ' from frozen. brain : tissues 
of patients in' which the clinical diagnosis of ^.CJD;;or GSS 
5 had been: confirmed: by histopatholpgical - examination of 
brain tissues' and, im. most cases; ~byr prion protein, 
analysis. In some; cases; . the- PrP- gene;, was amplified by 
PCR of -DNA isolated from patient blood and .the .^PrP . 
sequence determined by DNA. sequence •> analysis . ; Uo_HuPrP 
10 mutations were detected in cases of sporadic or.. 

iatrogenic CJD. The RML isolate was obtained from Swiss 
mice [Chandler, R .L '.. -Lancet 1:1378-1379 (1961)] from a 
closed colony: \^atitthe > .:.^cky Mountain -Laboratory or in 
Swiss CD- l^mice ^obtained-- from Cha£le« River ..Laboratories . 

15 . e? r .' . 3. ir . :j ^Example 5 ;■• io„ or 

' Determination of Scrap iae ilncuhatabn Periods 
Transgenics mice": as\ per-; Example? 2- were: inoculated 
intracerebrally with : 30 ftlf of - brain; extract; using -a 
27 .gauge needtle.vinserted d^Ltor- fcher; right parietal 1 lobe . 

20 *^The preparation of irioeUla andt criteria:* for; diagnosis of 
scrapie in mice have been described ;[.Carls6ru>et :al,, Cell 
46:503-511 (1986)] . Beginning , 50' days . after inoculation, 
the mice were examined for neurologic dysfunction every 3 
days. When clinical signs of scrapie appeared, the mice 

25 were examined daily. When some animals whose death was 
obviously imminent were identified, their brains were 
taken for histopathologic studies (as per the procedures 
of Example 3) and confirmation of the diagnosis of 
scrapie . 
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Example 6 
Immunoblot Analysis 
For the determination of the relative levels of PrP 
expression in Tg mouse and human brains, protein 
5 concentrations were determined by bicinchoninic acid 
assay and immuno dots blots as previously described 
[Scott et al., Cell 73:979-988 (1993)3. Samples for 
Western blot analysis were prepared and western blots 
were performed as described previously [Towbin et al., 
10 Proc. Natl. Acad. Sci . USA 76:4350-4354 (1979) ] , except 
that an enhanced chemiluminescent (ECL) detection method 
(Amersham) was used. The blot was exposed to X-ray film 
for 5-60 seconds. oe-PrP R073 rabbit antiserum was used 
at a final dilution of 1:5000 and 3F4 monoclonal antibody 
15 was also employed [Serban et al „ , Neurology 40:110-117 
(1990)] - - . 

Example 7 

Ta (MHu2MPrP) Mice Are - Susceptible to Human Prions 
Using information from a systematic study of 

20 chimeric SHa/Mo PrP genes; a chimeric Hu/Mo PrP gene 

analogous to MH2M was constructed as per Example 1. This 
gene, which we call MHu2M, differs from MoPrP at 
9 positions, all of which lie between codons 94 and 188 
as is shown in Figure 2. A Tg, mouse was constructed 

25 expressing the MHu2M PrP gene and the founder designated 
Tg (MHu2M) FVB-B5378 as per Example 2. By serial dilution 
of Tg (MHu2M) mouse and human brain homogenates, we 
estimate that the level of MHu2MPrP c in the brains of 
these Tg (MHu2M) FVB-B5378 mice are similar to those of 

3 0 HuPrP c found in human brain using an immuno dot blotting 
procedure. 

Tg (MHu2M) mice as per Example 2 were inoculated with 
brain homogenates from three unrelated Caucasian patients 
who had died of CJD. Two of the three patients died of 
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e^ee'spongiform generation..- The third (#36* was a 
5 British youth who had contracted iatrogenic rafter 
ZZZl for hypopituitarism with human ^ « 
( n~H> derived from cadaveric pituitary ICollinge 
Ta dcet OmH.. =Brain homogenates 

from a lln^ CJD patients exhibited >»»^ 
L0 f p r r ; by western- immunoblottin^, ^^^S^ it 
isoform of PrP i. designated: FrtSS: or -often, ^ P ; " he 

is found in humans,^.' t 

Ml of the Tg(MHu2M) .mice inoculated With . 
- homogenates ::fr,om th.,C*> patients,describa*ahove 
» developed Sians -Of centra! nervous ^ 
dysfunction -200 days after inoculation (see. Table 1 
*iow) . The clinical signs were similar to those of 
Murine scrapie. AfterJ. developing clinical signs, the 

now >500 days of age and remain well;, the ..young. 
. Tther six uninoculated «*~U ^f^' 
„ h ich inoculated Tg(«Bu2M, mice developed ^ °* ™S 

25 dYSf Tnoc:i:tion: 0 ,:,g< M Hu 2 »»:mice.with 

" passaged in: nice produced disease *™> ^ 

is -40 longer than MofBML) prions in non-Tg m.ce 
Prolongation, of incubation, times in mice expressing non- 
Proiong established,- and occurs, 

murine transgenes ^ FrP c. moleC ule inhibits the 

30 presumably because the foreign «• 

conversion .f -«oPrP=. i«o MoPrP" ffrusmer et al.., fi«U 
686 (1990)1. in contrast to Tg(MHu2M), mice, 

same as those of the .non-Tg. mice - IScott, et al., 2*11 
35 73:979-988 (1993)] . 
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Table l . Incubation of human (CJD) and mouse (RML) prion 
inocula in Tg (MHu2M) FVB-B5378 mice 



Incubation Times 
(mean days ± SE) 



Source 


Inoculum 


No. a 


Range 
(days) . 


Illness 


Death b 


Sporadic. 
CJD 


RG 


8/8 


225-249 


238±3.2 


240±5.4 (3 
) 


Sporadic 
CJD 


EC 


7/7 


202-229 


218±4.6 


N.D. 


Iatrogenic 
CJD 


v #364 


9/9 


221-245 


232±2.9 


235±3 .9 (5 
) 


Mo 


RML ' 


19/19 


155-195 


178+3.3 


203±2.0(1 
4) 



a Number of animals developing clinical sickness 
(neurological dysfunction) divided by the total number of 
15 animals inoculated. In ' the case of inoculum RG, three 
animals were found dead after 224 , ~ 238 , knd 243 days 
before a clinical diagnosis "could be made. In the case 
of inoculum EC, two animals were found dead after 225 and 
226 days before a clinical diagnosis could be rttade* In 
'20 each case, these animals died'' at ' the same time that 

" clinical diagnosis was made in other inoculated animals. 
b "The number "of mice dying of scrapie is shown in 
parentheses. Mice sacrificed for pathological 
examination are excluded from these calculations. 

25 Example 8 

Comp a r a t i ve Examp 1 e 
Tg(HuPrP) Mice Are Resistant to Human Prions 
tg mice expressing HuPrP were produced using the 
HuPrP gene ORF, which had been cloned' into the cosSHa.Tet 
30 expression vector [Scott et'ai., Protein Sci . 1:986-997 
(1992)]. Microinjection of outbred C57B6/SJL and inbred 
FVB mouse embryos resulted in two founder transgenic 
animals designated Tg (HuPrP) B6SJL-110 and 
Tg(HuPrP)FVB-152. We estimated by serial dilution of 
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brain homogeriates and immuno dot* \'Klott^ng;;c tttajt-*';tKe level 
of PrP c in the brains of the ^progeny 'o^' these founders 
express HuPrP at levels 4- to" -8 -fold higher than the 
level of HuPf P found in tire human rbrain.- 
5 To determine whether expression of HuPrP in 

Tg (HuPrP) B6SJL-li0 : and Tg (HuPrP) FVB-152 conferred 
susceptibility to human prions, incubation periods, were 
measured after inoculation of Tg(HuPrP) and non-Tg mice 
with brain extracts from 18 patients that -had died of 

10. sporadic CJD, iatrogenic CJP., familial CJD or GSS. From 
experiments performed over the past 2.5 years, we 
concluded that the two lines of Tg(HuPrP) mice were no 
more responsive than nop-Tg mice .to human prions (see 
Table .2 below) . The rate of transmission to Tg (HuPrP) 

15 mice was 8 .3% j[14_ clinically sick mice out of 169 mice) 
Whiich was similar to ..a transmission rate of lp.3% in 
t ..control non : Tg mice (6 clinically sick mice out of 58 
- mice) ^ Iix. ^the ..inf reguent . event of a positive 

transmission L incubation times were extremely long 

20 ranging, from 590 „ days ^to : 840 days in both Tg(HuPrP) and 
r non-Tgr mice . . By_ t^iis . latent ime, many animals had died of 
intercurrent illnesses which. complicated diagnosis . The 
difficulty of - interpreting transmissions occurring after 
extremely . long, incubation periofis is compounded by the 

25 heightened potential for artifactual results due to low 
levels of contaminating prions. 

Statistical analysis shows that the frequency of Hu 
prion transmission. to Tg(I^u2MPrP) mice compared to 
Tg (HuPrP) , and non-Ta mic? is highly ~ signif icant using the 

30 Fisher/ s exact test, p<10" 7 [Meht^a et al . , J. Am. Stat. 
. Assn. 78: (392) ,427-434 (1983)] . When Hu prion 

transmission" t.o Tg(HuPrP) mice was compared to non-Tg 
mice, the frequencies were similar, p=0.79. 

To confirm the clinical diagnosis of prion disease, 

35 5 ill Tg(HuPrP) and 1 non-Tg mice were sacrificed and 
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brain extracts were examined for the presence of PrP Sc by 
Western blotting with the a-PrP antibodies, 3F4 mAb and 
R073 antiserum [Kascsak. et al . . - J. Virol, 61:3688-3693 
(1967) ; Serban et al.', Neurology T 40:110-117 (1990)] . The 

"5 ; 3 F4„ mAb reacts specif ically with . HuPrP allowing 

discrimination from MoPrP . MoPrP Sc was detected in the 
/' brain of the non-Tg mouse inoculated with sporadic CJD 
inoculum #87011 which developed clinical signs after 756 
days, while 3F4-reactive PrP Sc was detected in the brains 

10 of two Tg(HuPrP) mice which developed clinical signs 
after 589 days post -inoculation with iatrogenic CJD 
ihobulum #170. : The equivalent transmission rates of 
human prions in „ Tg (HuPrP) and non-Tg mice indicate that 
this is a rare event with the same frequency of 

15 occurrence as the stochastic conversion of MoPrP c to 
MoPrP^ induced by human prions. 

The absence of either RQ73- qr 3F4-reactive PrP Sc in 
the brains of 3 out of the 6 mice ^analyzed^may x*eflect 
the difficulty of accurately diagnosing prion disease in 

20 elderly animals. Some of thevmice inherited prion 

diseases of both humans and Tg mice exhibit s little or 
undetectable levels of prptease-resistant PrP; yet, based 
on transmission studies, their brains contain prions and 
they show clear spongiform degeneration [Medolri et al . , 

25 N. Encrl. J. Med. 32^:444-449 U992)] . 

In contrast to Tg(MHu2M) .mice, Hu prions from 
patient RG have not transmitted to either Tg(HuPrP) or 
non-Tg mice after >330 days (see Table 2 below) . 
Attempts to transmit preparations enriched for Hu prion 

30 rods prepared from the brain of patient RG have likewise 
been negative for >300 days. , In addition, inoculum from 
the iatrogenic CJD case (#364) has produced illness in 
neither Tg(HuPrP) nor non-Tg mice after >780 days (as 
shown in Table 2 below) . 
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TABLE 2 ..... ... ... 

Table 2. Incubation times in Tg OHuPrP) FVB-152 " and 
Tg(HuPrP)B6SJL-110 mice after ^inoculation with 
brain extracts from patients with human prion 
5 diseases, " 

Host * Inoculum " (n/n 0 Y Incubati 

• a . * "■ on 

times 
(days±SE 



Tgl52 ,. : . . 


Sporadic. " 
CJD ( #87011 ) 




706 


Non-Tg 


Sporadic 


; 3/5 v '^ 


697.3+51 


Tg 152- 


- ..Sporadic; .; 

Jt-rKJ !_/ \ttOOU J / / 


T 3/10' ; 


680±28 


Tg 152 


Sporadic 

U i_/ \"l\\J/ 


'o/io : : '" 




Non-Tg 


. _ : -Sporadic;- . ; - : 
CJD (RG) 


0/10. . 




Tg 152 


Sporadic 
(RG> Rods - j ** 


0/8 




Non-Tg , 


: : ,. . -sporadic..* : .- ; 

(RG) Rods 


0/8 




Tg 152 


Codon 102 


4/10 


724±16 


Non-Tg 


«y Codon .102 ^ 
GSS (#87027) 


: . 0/10 


679 


Tg 152 


' Codon 102 
- - GSS (#87031) • 


o/io : 




Non r Tg . 


/ --Godop 102 
GSS (#87031) 


1/5 


.742 


Tg 152 


Codbn 178 

F-^CJD' 


6/s 




Non-Tg V: 


Codon 178 
F-CJD 


0/9 




Tg V 110 ' 


! Sporadic 
V; CJD (#57035) 


0/8 




Non-Tgr ; - 


-Sporadic 
CJD(#87036) 


V 5 


838 


Tg XlO 


Iatrogenic 
CJD (#703) 


0/10 




Non-Tg . 


Iatrogenic 
CJD (#703) 


0/5 




Tg 110 


Iatrogenic 
CJD (#170) 


2/10 


589±0 
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Non-Tg 


Iatrogenic 
,CJD(#170) 


. 0/5 




Tg 110 


Iatrogenic 
CJD(#364) 


0/10 




Non-Tg 


Iatrogenic 
CJD(#364) 


0/5 




Tg 110 


Codon 200 


1/8 


791 


Tg 110 


Codon 217 

c GSS : . 


1/8 


874 


Tg 110 


Codon 102 
- GSS-A " 


0/10 




Tg 110 - 


^ Codon 102 - 
QSS-B. 


1/8 


694 


Tg 110 


Codon 117 . 

r;i GSS * - /: 


0/8 





a .- .Number of animals developing ; elinical sickness divided 
10 by the total number of animals .inoculated^ 

b Refers to .timer ; tp : diagnosis ; of • illness 

Patients from which inoculum were derived are 
described in the following publications: [Collinge 
et al., Lancet 33 7:;1441 : -144;2 (1991); Hsiao et al . , Nature 
15 338:342-34^ 
(1991)] ,r 



(198?) ; :Hsiaq.ret al , ^ Neurology 41:681-684 



• : ;•; or.- :. ; :± • ! , Example 9 ;: - - - fc 

. : ... . Formation of MHu2MPrP Sc or MoPrP s t c , - : - 

~. Inthe. Brains of - T.q (MHu2M) Mice : / 
20 Some clinically sick -Tg (MHu2M) mice inoculate^ with 

each of the three CJD prion inocula or RML prions were 
sacrificed for histopathological verification of disease 
and for. prion protein analysis . Western blots of brain 
homogenates from Tg (MHu2M) mice infected with Hu. prions 
25 probed .with R073 and 3F4 oj-PrP antibodies revealed the 
presence ; of protease-resistant PrP sc which reacted with 
the 3F4 monoclonal .antibody -showings this;, protease- 
resistant product^ to -be MHu2M PrP Sc . The epitope 
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recognized by this antibody . consists of a pair of 
methionine residues at positions 109 and 112 in PrP 
[Rogers et al., J . Immunol . 147:3568-3574 (1991)] which 
are contained in MHu2M but not ..in MoPrP as can be seen by 
5 the mouse/human comparison 6 f figure 2. The polyclonal 
rabbit a-PrP antiserum R073 diluted 1:5000 was poorly 
reactive with MHu2MPrP Sc as; well -as HuPrP c and HuPrP Sc from 
diseased human brains. Brain homogenates from Tg (MHu2M) 
mice infected with RML prions "contained PrP Sc which was 

10 detectable only with R073 :and not 3F4 or - PrP . antibodies , 
indicating that Tg(MHu2M) mice are capable of producing 
MoPrP Sc but not MHu2MPrP sc in resppnse to RML' prions 
previously passaged -in mice. While these findings are 
similar to thos4 Reported for-- -Tg (SHaPrP) mice [Scott 

15 et al . , Cell -59 1 847 -857 (1989) ] , they contrast with those 
found for Tg(MH2MPrP) mice where MH2MPrP Sc was formed in 
response to RML prions -[Scott et al . , Cell 73:979-988 
(1993).]': " - 7 - - 

" i--- - Eixample 10 ' " 

2 '0 Regional Distribution of PrP Sc 

and Patterns of Neuropatholocrv 
The distribution of Mo and MHu2M PrP c and PrP Sc is 
shown in histoblots of coronal brain sections through the 
hippocampus and thalamus of Tg(MHu2M) mice inoculated 
25 with RML or C'JD prions. The weak immunoreactivity of 

MHu2M PrP with R073 permitted a degree of analysis which 
had not been previously possible in Tg - mice expressing 
SHaPrP or MH2MPrP because these PrP species react with 
this antibody. The pattern of PrP Sc deposition was 1 highly 
30 dependent upon the species 'of * origin of the infectious 
prions;' 'When ' inoculated with RML prions, histoblots of 
the'brains of Tg(MHu2M) were similar to those of CD-I 
mice infected with RML prions, revealing a diffuse 
pattern of MoPrP Sc deposition in the hippocampus 
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thalamus, hypothalamus and all layers; of the neocortex. 
The histoblot pattern of was strikingly different for 
Tg(MHu2M) mice inoculated with CJD prions. The 
deposition of MHu2MPrP? c was confined primarily to the 
5 deep layers of the neocortex, the thalamus, particularly 
the ventral posterior medial thalamic nucleus, the 
hypothalamus and~ the putamen:; The hippocampal region and 
the outer layers of the" neocortex were spared. 
Interestingly,- while the: hippocampus was completely 

10 devoid of MHu2MPrP Sc , -this region showed; the most intense 
MHu2MPrP c signal. The same pattern of MHu2MP:cP Sc . 
deposition was consistently observed in histoblots of 
Tg(MHu2M) mice -'inoculated with^all three OTD prion 
isolates prepared from human brain..: It, is noteworthy 

15 that the pattern of MHu2MPrP? c deposition is similar to 
the pattern of PrP CJD deposition observed, in histoblots of 
the brain from which inoculum RG was derived [Taraboulos 
et al., Pr6c. Natl; ~ r ACad. Sci . USA 89:7820-1624: (1992) 1 . 
The spongiform degeneration in the brains of Tg (MKu2M) 

20 mice infected with Mo(RML) and Hu(CJD) prions reflected 
the patterns 6f "PrP^ c accumulation, described above. 

Ex perimental Protocols : - ; ; : - . 

Numerous additional ' examples of transgenic and 
hybrid mice as well as comparative examples and methods 
25 of testing such are described below. . These examples and 
1J methods are listed in Tables 3-7, With respect to such 
1 the (!) methods 1 bf making mice;; (2) brain homogenates; 
: (3) prion indcula*; <4) measurement of incubation times; 
(5) immunoblotting; and (6) immuhohistochemistry are 
3 0 described below. 
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Production Of : Transgenic ^Mice ^ - . r 

The MoPrP-A sequence used v;a^;. derived from Swiss 
CD-I mice Locht r C . et . al . ; "Molecular^ closing, ^nd 
complete sequence- of ; prior protein/ cDNA f r;om: mouse, brain 
5 infected with 7 ^ the: scrapie agent , " Proc . Natl .... Acad. Sci . 
USA ,83:6372-6376 (1986).. - Construction of the.MpPrP ORF 
cassette-. has been previous ly„ described. Rogers., M, ... 
Serban, D. Gyuris,;T. >. Scott, M . Torchia, T. , : and 
Prusiner, S.B. M?91 )..-- Epitope mapping of the, Syrian 

10 hamster prior protein utilizing chimeric-an*i mutant genes 
in a vacdinia virus . expressions system . J . Immunol . 
147:3568-3574. The construction .-of the , MoPrP-PlOlL 
expression cassette containing, .a, ^substitution- of a ■■. 
leucine': for proline codon- at: residue 101 of -the mouse PrP 

15 gene, corresporiding/to the r-GSS. mutation at cpdon 102 of 
: th£ human" PrP gene has: beh,. described Hsiao,, K, r and 

Prusiher, - S.B. ( 1 9*9 0) \ rr.lnheni ted .-human prion . diseases . 
- Neurology 40: 182*0^1827 gRPjrgassgtteg were digested with 
" ; Bglll (which -cleaves- immedi^feely^ adj apent; - to. -the 

20 "initiation codSnX ; ./-The .5 '.protruding termini were . f filled 
in using- Klenov/, and :,Sal 1 1 linkers were added., .. .„ . 
Recombinant clones were cleaved with Sail and Xhol (which 
cleaves immediately past the Pjr P^erminat ion. codon); , and 
purif ieidcORF: f ragments; were ; ligated, to . the . r Sail -cut 

25 ; cosSHa. Tet cosmidc expression vector Scott., .M.R,,. 
Kohler/ R; , r Foster; D. x , *andy Prusiner, S,.B. r (1992) , 
•Chimeric prionrprotein expression in cultured cells and 
transgenic mice. Protein Sci. 2:986-997. The isolation 
of recombinant cosmid -clones was achieved by methods that 

3 0 have been previously described Scott, M . , Groth D., 

Foster, D., Torchia, M. , Yang, S.-L., DeArmond, S.J., and 
Prusiner, S.B. (1993) . Propagation of prions with 
artificial properties in transgenic mice expressing 
chimeric PrP genes. Cell 73:979-988. Notl fragments, 

35 recovered from large-scale DNA cosmid preparations, were 
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used for microinjection into the pronuclei of fertilized 
FVB/N oocytes as previously described Scott, M., 
Foster, D., Mirenda, C, Serban D., Coufal, F., 
Walchli, M. , Growth, D., Carlson, G. , DeArmond, S.J., 
5 Westaway, D., and Prusiner,. S.B.- (19.89). Transgenic 
mice expressing hamster prion protein produce 
species -specif ic infectivity and amyloid plaques. 
Cell 59:847-857. Genomic DNA isolated from tail tissue 
of weaning animals was screened for the -presence of 
10 incorporated transgenes using a probe that hybridizes to 
the" 3' -untranslated region of the SHaPrP gene contained 
in the cosDHa.Tet vector Scott, M.R., Kohler, R. , 
Foster, D. , and Prusiner, S.B. (1992) t 

Preparation Of Brain Homogenates - 

15 Ten % [w/v] homogenates of mouse brain were prepared 

by repeated extrusion through an '18 gauge syringe needle 
followed by a 22 gauge needle in phosphate buff ered 
saline. (PBS) lacking calcium and magnesium ions. For 
immunoblot analysis, samples were cleared of cell debris 

20 by a brief low-speed centrif ugation . Purified Hu prions 
were prepared using a protocol previously developed for 
■SHa prions. Prusiner. et al.;: (1983) Scrapie Prions 
Aggregate to Form Amyloid- like Birefringent Rods. Cell 
35, 349-358. - 

25 Pr i on Inocu la ' 

Human brain specimens were collected from patients 
dying of sporadic, inherited or infectious prion disease. 
The iatrogenic CJD denoted 3 64 was provided by Dr. John 
Collinge. The RML isolate from Swiss mice Chandler, 

30 R.L., "Encephalopathy in mice produced by inoculation 
with scrapie brain material, 11 Lancet 1:1378-1379 (1961) 
was provided by Dr. William Hadlow and was passaged in 
Swiss mice CD-I mice obtained from charles River 
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Laboratories (Wilmington, MA) . For transmission of 
neurodegeneration from spontaneously ^ill^TglMoPrP-PlOlL) 
mice, brain homogenates were prepared. v:. : f . 

Measurement Of Incubation Times - \.- , /•"-■ 
5 Mice were ^inoculated intrace^ebrally -with 30 fil of 

samples prepared "from brain. .using. 27 gauge netedl^e ; 
inserted into t her. right parietal ■*: lobe, and observed for 
signs of -disease . Samples were diluted 10 -fold in; PBS 
prior j .to inoculation. -Additionally,: uninoculafced 

10 Tg (MoPrP-PldlLO- and /Tg (MoPsrE-A) . mice , were- observe for 
spontaneous. CNS disease..: : The preparation, of inocula and 
criteria for diagnosis Jo f: scrapie^ ,in .mice have been 
described Carlson, G.A. , et al., "Linage of prion protein 
and scrapie incuba t i©rr. st ime * ge;nes_, " Cell 4 6.: 5 03 ?JEL1 

15 (I986)y 'When clinical- signs of :CNS dysfunction appeared, 
the^mice -were , .fixarained ;;daily . To confirm, the: -clinical 
diagnosis,- ^tie vbrains of : some . -animals whose de.aths. were 
obviously /riniminent were -taken ; for ,histopathologi_cal 

: studies In,^. r : ». v - . r-; : .. - ; - : . ; ■ :• 

20 Immuhoblottinq o^"/^ v. -v: ■, l, . ^zjvi ~v. 

Total- -protein ^concentrations £-in^brai-nj .horapgenates 
were determined :by bieinchoninic acid 'assays o-Imrauno dot 
blots for the determination of the relative -level-sr of PrP 
expression in Tg mouse brains were performed as 

25 previously described (Scott et al . , 1933.);^ Sammies for 
Western ;blot . analyses were .prepared by . digesting brain 
homogenates ; with 20 fig proteinase K for -60 min at ,37°C. 
* Western' blots' were ^performed jas described previously 
Barry;. <R.A.vvet al;:, r ''Monoclonal antibodies^ -to the 

30 cellular and scrapie prion proteins. " J. Infect. Pis. , 
.254:518-521 '(19861; Towbin, H. et al » , "-Electrophoretic 
transfer of proteins from polyacrylamide :gels to 
nitrocellulose ^sheets : Procedure and some applications, " 
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Proc. Natl. Acad ..Sci . USA 76:4350-4354 (1979), except 
- that an enhanced chemilumineiscent (ECL) detection method 
- (Amersham, Arlington Heights, IL) was used. The lot was 

exposed to X-ray film a-PrP R073 rabbit antiserum was 
5 used at a final dilution of 1/5000. 

Immunohistochemistrv i ; 

For immunohi st ochemi s try , endogenous 
peroxidase; activity was blocked .with methanol -hydrogen 

: peroxide (2 ml of 30% H 2 0 2 in 200 ml methanol). To 

10 - enhance PrP^immimoreactivity, the- sections were, immersed 
: in 1 . 3 mM HC1 and autoclave^ at 121° C for 10 min Muramoto 
et al; : , (1992) The sequential development of. abnormal 
prion protein accumulation in mice- with Creuzfeldt- Jakob 
disease. Am. J. Pathol. 140:, 1411-1420 . When temperature 

15 decreased/ the slides were .plac€d„ under running tap water 
for 10 min followed by .rinsing, with TB (50 mM Tris-HCl, 
-- pH 7.6, with .150 raM .NaCl) Nonspecific protein binding 
was blocked, with TBS ? (25 mM Tris-HCl, pH 7.8; 0.05% Tween 
20; 0.5 M NaCl; arid 5%. nonfat milk) for 10 min.- The 

20 a^PrP polyclonal rabbit R073. antiserum wa diluted 1:250 
in TBS - Tissue sections .were incubated with the primary 
antiserum overnight at 4°C. ^Following 2 rinses with TB 
containing 0:1% Triton-X and once in TB, the sections 
were incubated with biotinylates goat anti -rabbit lgG 

25 (Vector Laboratories, Burlingame, CA) in TBS, 1:100 

dilution for 30 min at room temperature. After 2 rinses 
with TB containing 0.1% Triton-X, the sections were 
incubated with an avidin-biotin-peroxidase complex 
(Vector Laboratories) for 30 min at room temperature. 

3 0 Three rinses in TB were then followed by a 3-5 min 
reaction with diaminobenzadine solution (5 mg 
diaminobenzadine tetrahydrochloride, 68 mg imidazole, and 
7 mg NaN 3 in 10 ml of TB) , to which 100 /il of 0.0015% H 2 0 2 
was added. 
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Peroxidase immunohistochemistry with antibodies 
to glial fibrillary acidic protein was used to evaluate 
the extent 'of reactive astrocytic gliosis. Hydeolytic 
autoclaving was used to detect PrP immunoreactivity 
5 (Muramoto et al . , 1992). ' , ■ 

EXAMPLES RE TABLES 3-7 

Transgenic • Mice With Human and. Chimeric - PrP Genes 

r ° FVB mice expressing human, .chimeric Hu/Mo and mutant 
PrP genes were constructed using the cos.SHaTet cosmid 
10 --i expression vector " derived f rom the .Syrian hamster -(SHa) 
(Scott et al. z" 1 19 92): Table 3 • belcv/ shows the 
; designation of the mouse line, the expressed . PrP c 
• - mblecuies: and the" approximate, level, of. transgenic 
~ ■ e3'cpres"si*t>n . Al £-£>-< indicated are those mouse lines that 
15 were " crossed with Prnp 0/0 mice in which the mouse PrP gene 
? -had been disrupt efd by homologous' recombination (Bueler et 
al . 1992) . Backcr*ossing these mice produced animals in 
those encoded- by the 'transgene ; While; SV129ES cells were 
' used to generate a chimeric mouse' with a . disrupted PrP 
20 allele, that mouse was mated with a G57BL mouse :and the 
- ; of S spr ing' crossed- to ^ach other to produce null animals. 
Subsequently/ these Prnp 0/0 : mice were repeatedly crossed 
onto- the ; FVB ^background . - -■ 
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TABLE 3 



Nomenclature and Characteristics of 
Transgenic Mouse Lines 



. Mouse Line 


Expressed 


PrP 


Sequence* 


Description 


. PrP c 


Transgene 






Molecules 


Expression 




(i) Tg(HuPrP) 


• 






mice 








Tg(HuPrP) 


^. Hu , Mo 


~4-8x 


V129 


152/FVB 








Tg(HuPrp) 


Hu 


-4-8x 


V129 


152/Prbp 0/0 








Tg(HuPrP) 


Hu 


~2x 


,M129 


44 0/Prnp 0/0 








. (ii) Tg (MHu2M) 








mice 








Tg(MHu2M) 


MHu2M, Mo 


~lx 


M128 


5378/FVB 








Tg(MHu2M) 


MHu2M 


~lx 


M128 


5378/ 








Prnp 0/0 








Tg(MHu2M- 


MHu2M-L 


~2x 


M128, LIO 


P101L) 69/ 








. . - . Prnp 0/0 









Since the'Hu prion inocula are brain homogenates or 
25 purified prion rods from a variety of patients who died 
of prion disease/ the designations for the patients as 
well as clinical phenotypes are listed in Table 4 below. 
The PrP genotypes of the patients are also described. 
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TABLE 4 

Brain Inocula From Patients Who Died of Prion Disease 

Sporadic Inocula and Infectious CJD prions 
Containing wt PrP Sc >; . 

Human Inoculum Prion —-Genotype of PrP d 

. _ .wt,.. M/M129 
wt; M/M129 
wt, M/M12 9 
\ V; wt, M/M12 9 
_ wt, M/M12 9 
" . wt, M/M12 9 

lg*. .'mutant PrP Sc 

P102L. V/V12a 

" : E200K, M/M129 

^-E200K, M/M129 

; ' V E2 0 0 K , V/Ml 2 9 

Substitution of. L for P codon 102 in HuPrP or at codon 

101 in MoPrP or chimeric MHu2MPrP is denoted as " - L " . 

b Level of PrP transgene expression in brain was measured 
2 G .-by^serdal- . <ii lufcioa-*Q£ -t he amples t J olicwed -by^ - dot .-. 

0 i^u^oblotting., Each sample was compared to PrP c in 
. i .-.. no . n !"Tg mouse or human brain. 

c Amino acid residues at codon 129 or codon 101. 
. d Pa ; tients with sporadic or iatrogenic CJD had wild- type 
25 : <^H~?^ P °*Fs. The PrP alleles, encode ' either M or .V at 

position as noted. Mutations in the PrP gene are denoted 

by the wt amino acid followed by the codon number and the 

mutant residue . 



PG sporadic iCJD_ .. 

EC sporadic CJD 

MA sporadic CJD 

PO sporadic CJD 

!0 PC sporadic CJD 

364 iatrogenic CJD 

GSS and Familial CJD prions containir 

JJ GSS 

LJ-1 familial CJD 

15 CA familial CJD 

FH familial CJD 
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MoPrP c Inhibits Propagation of Human 
Prions in To(HuPrP) Mice 

When Tg (HuPrP) 152/FVB mice and non-Tg littermates 

were inoculated with Hu prions from sporadic or 

5 iatrogenic CJD as well as inherited prion disease cases, 

-10% of each group of mice developed CNS dysfunction 

(Telling et al . , 1994 ). ( Some of the ill mice produced 

MoPrP Sc and others HuPrP Sc based on Western immunoblots 

developed with polyclonal a-PrP antiserum that reacts 

10 with both;. Hu and MoPrP and with Qf-PrP monoclonal 

antibodies (mAb) that react with Hu but not MoPrP. Those 

mice that produced HuPrP Sc demonstrated that HuPrP Sc could 

be formed in Mo cells but the process was too infrequent 

for further study. 

15 After Crossing the Tg(HuPrP) 152/FVB mice ' 
onto the Pmp 0/0 background; thev became. . 
susceptible to Hu prions (Table 5) 

When Tg (HuPrp) 152/FVB mice were inoculated with Hu 

prions, from case of sporadic CJD, referred to as RG, 

20 only one Tg mouse put of a group- of ,10 developed 

neurologic symptoms at >720 d, while non-Tg littermates 

. responded similarly .withv one . aninal out of a group of 10 

inoculate mice developing neurologic , symptoms at >700 d. 
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TABLE -^5 



Transmission Of Hu Prions- to (HuPrP) /Prnp 0/0 - mice 

Iribuba 
mean- d 
(n/no) 



Recipient Mouse Line Inoculum 3 " Incubation Time 

"■: - - - ' 'v' ;: . . j.;:. mean! d: ±j £EM 



(A) Tg.(HuPrP).FVB 
5 Mice . 

Tg(HuPrP) 152/FVB sCJD(RG) 721, . ±_ 0; (1/10) b 

Non-Tg 152/FVB : , sCJD{RG) i: 701 -± p. (1/10) b 

Tg(HuPrP) 152/FVB . sCJD(RG, , . 677 ± 0 ; (1/10) 

purified' rods) 

Nori-Tg ' sCJD'($G, ' e ^ 6-43- ± 42 (3/10) 

10 152/FVB :i . pu^if ied; ro4s> ; r i ;; 



(B) Tg(IftiPrP)Prnp 0 
mice" 

Tg(HuPrp)152/Prnp 0/0 sCJD(RG) " - 263-' ±. 2 (6/6) 

Tg(HuPrP)152/Prnp 0/0 sCJD(EC) 254 ±6 (9/9) 

15 Tg (HuPmi52y:Prnf>? /0 ,iQJD (364 ) . . ;>f . f , 262. ± 8 ,(5/5) 

Tg (HuPr^4(^r^^ ) 



a All sampled ' "were T l6% -(v//w) brain - ticiraogenates- -unless 
otherwise "noted that : were -diluted 1:10 prior to 
inoculation. sCJD is sporadic CJD and iCJD is iatrogenic 
20 CJD. * * Patients initials referring to* inocula : in Table IB 
are given in parenthesis; f 

transmissions previously reported (Telling et al., 1994). 
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Similar, rates of transmission were observed when 
Tg (HuPrP) 152/FVB and non-Tg mice were inoculated with a 
preparation highly enriched for PrP Sc prepared from the 
brain of RG (see Section B of Table 5) . Using the a-PrP 
5 3F4 monoclonal antibody (mAb) Kascsak, R.J., et al., 
"Mouse polyclonal and monoclonal antibody to scrapie- 
associated fibril proteins," J. Virol- 61:3688-3693 
(1987) , we estimated, by serial dilution and dot 
immunoblotting of brain homogenates which were normalized 

10 for protein concentration, the level of HuPrP c in brains 
of the Tg(HuPrP) 152/FVB mice to be -4-8 fold higher than 
HuPrP c in human brain (Table 3) . 

Since earlier studies had shown that heterologous 
PrP c inhibited the conversion of PrP Sc as manifest by 

15 prolongation of the incubation time Bueler, H.,.'et al., 
"Mice devoid of PrP are resistant to scrapie, " Cell 
73:1339-1347 (1993); Prusiner, S.B., et al., "Immunologic 
and molecular biological studies of p>rion proteins in 
bovine spongiform encephalopathy, " J . Infect. Pis. 

20 26"7:602-613 (1993); Prusiner, S.B., et al . , "Transgenetic 
studies implicate interactions between homologous PrP 
isoforms in scrapie parion replication," Cell £3:673-686 
(1990), we removed MoPrP c by producing Tg (HuPRP) 152/Prnp 0/C 
mice. When Tg (HuPRP) 152/Prnp 0/0 were inoculated with Hu 

25 prions, they developed signs of neurologic dysfunction 
with incubation times between 260 and 300 d (Table 5 
shown in Section B) . 

MoPrP Gene Ablation In Mice Expressing Chimeric PrP 
Crossing the transgene array from the already 
3 0 susceptible Tg (MHu2M) 5378/FVB mice onto the Prrip 0/0 
background resulted in a decrease (-20%) in CJD 
incubation times (Table 6 Sections A and B) . Using the 
or-PrP 3F4 mAb, we estimated the level of MHu2MPrP c in the 
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brains of the Tg(MHu2m) 5378/FVB mice to be slightly less 
than HuPrP c in human brain. 



• TABLE --6 

Transmission of Hu prions , to Tg (MHu2MPrP) mice 

5 Inoculum 5 : Incubation Time 

mean d ± SEM (n/nb) 

(A) Tg (MHu2M) /FVB mice inoculated with sporadic or 
infectious CJD 

_ . SCJDJRG), . ^ ■ . s . 238±3 (8/8) b 

^,sCJD(EC) :: r 218±5 (7/7) b 

10C^ iG£TD(364)r I .^ c v.~i„ 232±3 (9/9) b 

±btt(36 : 4~)*'-' : -' - 231±6 (9/9) : 

^CJE)^(MA) - ; " - — 222±1 (4/4) 

(B) Tg (MHu2M) 7Prnp 0/d mice inoculated with sporadic or 
iniectiousftJD "* 

15 sCJPXRC) r . , = .„, f . 202±2 (6/10) 

s-£xJD t (*RG) . a- - .13 1±3 ( 10/10 ) . . 

^±GJDC3'64J ; r-f- »' - ' — ' ~"'"1*2±.6 (8/9) 

-iCJD'(364^ •** T r V • s r ' - -a 9<f±f6-' : ( 8/8 ) 

20 sCJD(RO) ' ' * 2l'7±2 (9/9) 

(C) Tg (MHu2M) /Prnp 0/0 mice inoculated with inherited GSS 
or^ CJD _ i# . 

GSS.(JJ,P1;02L). . : . , jT/: >28 : 0 ,(0/10.) 

fCJD(LJl>-E2 0.0Kl - \ s '« l-70±2; ; (10/10) _ . 

25 fCJD (CA,E2 0 0Kf . 180¥9 '(9/9) - 

fCJD(FH/E2 00K) " ' ' ' — - r r >250 (0/7) 
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a All samples were 10% (w/v) brain homogenates unless 
otherwise noted that .were diluted 1:10 prior to 
inoculation. sCJD is sporadic CJD, iCJD is iatrogenic 
CJD, GS£ is Gerstmann-Straussler-Scheinker disease with 
5 th& codon 102 mutation and .f CJD is familial CJD with the 
codon 200 mutation. Patients initials referring to 
inocula in Table 4 are given in parenthesis. If the PrP 
gene of the patient carried, a. mutation, then the mutation 
is noted after the patients initials.- 

10 transmissions previously reported (Telling et al . , 19S4) . 
c This is a second inoculum prepared from a different brain 
region of iatrogenic CJD patient 364. 

" Any comparison "between the incubation times of 
Tg{HuPrP)152/Prnp 0/0 and Tg (MHu2M) 5378/Prnp 0/0 mice- must 

15 take into account the different, levels of transgene 

expression. Generally, the level of transgene expression 
is inversely related to the .length of the incubation 
time. Although the incubation times are similar for 
Tg (HuPrP).152/Prnp 0/C) and Tg (MHu2M) 5378/Prnp 0/0 mice 

20 inoculated with Hu prions (Tables .5 and 6 Section B of 

each), the Tg (HuPrP) 152/Prnp 0/0 express 5-10-fold more of 
the transgene product than Tg (MHu2M) 5378/Prnp 0/ ?. mice . 
This suggests that , the chimeric transgene or some., 
modified version may be superior to HuPrP in terms of 

25 generating mice with the shortest incubation times for 
bioassays of Hu prions. 

Transmission Of Chimeric Prions 

Species specific amino acid variations in PrP are 
known to contribute significantly to the "species 
30 barrier" Prusiner, S.B., et al . , "Transgenetic studies 

implicate interactions between homologous PrP isoforms in 
scrapie prion replication," Cell 63:673-686 (1990); 
Scott, M., Foster, D. , Mirenda, C, Serban D. , 
Coufal, F., Walchli, M. , Growth, D. , Carlson, G. , 
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DeArmond, S .J% > West away, D., and . Prusiner, S.B. (1989). 
Transgenic mice expressing hamster prion -protein- produce 
species -specific inf ectivityrand amyloid plagues . - Cell 
59: £47-857. .Prolongation of incubation times, on primary 
5 passage of prions between ispecies <is generally ; seen while 
second passage in, the same? species: results in a : 
shortening, "and stabilization of i incubation tiroes -. 
Pattison,- I -H. , "Experiments, with- scrapie with special 
reference to the nature of ' the agent and fehfe ^pathology of 

10 the disease, " Slow; Latent and, Temperate:, Virus - ; ■" 
Inf ect iohs ^ NINDB - Monograph 2, D . C . f Ga j duaek :/ . et .al . , 
eds. (Washington, "DvC,;: U.S. Government Printing) , 
pp. 249^257 tl965")';.:: Primary passage of;: Hu prions from a 
sporadic COT- case (EC J produced CNS,idis£.ase in - : \ 

15 T§(MHu2M)537'8/F^B with an incubation time of 218 ±; 5 d(± 
SEM) (Table €' Section A) Brains -from ill* mice :were 
collected and hoiuogenates inoculated into iraiee T f rom the 
Sofme Tg ;line:. : Passage nof. .these chimeric. -prions .in 
Tg (MHU2M) 53^78/FVB : mice : gave; incubation times , similar to 

20* tihose -Seen with Hu prions on; the primary passage; (Table 7 
Sect ion A) . " This -f inding: shows ^that these. .. 
• Tcf CMHu2M ) S3 78 / FVB : mice ^re^-compietely permissive- for Hu 
prions . -Passage <t3f~ chimeric prions in . - 1 -\ ... 
Tg ( MHu2M)~5 3*7-87 Pirnp o/0 : mice; xe suited in a shortening of the 

25 incubation "time by -20% presumably due to tfee- elimination 
of MoPrP c ; i.e., ablating the endogenous mouse, prion 
protein gene. 
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.JWMiB-7. 



Serial transmission of chimeric Hu/Mo prions in Tg(MHu2M) 
mice. 



Recipient House , Line , Iflpcujumf 



Illness 



incubation 
Times 

mean d ± SEM 

(a/no) 

Death 



5 (A) Chimeric prions produced in Tg(MHu2M) mice inoculated with CJD 
prions 



Tg{MHu2M) 5378/FVB 

N©n-Tgf5378/FVIS c 

Tg(MHu2*f) 5378/FVB 

10 HoJi-Tg5378/FVB 

Tg{l?Jiu2Hj3378/ 
Prnp 0/0 

Tg(MHu2M)5378/ 
Prnp 0/0 



MH«2M(eCJD) b 220±3 (7/7) c 22641(5) 

MHu2M(aCJD)£ ~>340 

muZUiBCJD)* 1 226*3 (9/9) 228±1{6) 

HBu2M(eCJD) d >340 

HHu2M<eCJD) d 18944 (8/8) 



MHu2M(sCJD) d 18345 <7/7) 



19241 <4) 
19043(4) 



15 (B) Moua© prion© produced Ln Tg(MHu2H> or non-Tg mice inoculated 
with RML prions 



Tg(MHu2M) 5378/FVB 

NonTg5373/FVB 

Tg ( MHu2M ) 5378/FVB 
2 0 Tg (MHu2M) 5378/FVB 
Kon-Tg537S/FVB 
Tg<^2M>5378/ 

Tg(MH«2M)5378/ 
25 Prnp 0/0 

Si^ 2M)5378/ 



Ho(RHL) 

Mo{RMZ ; ) 

HHu2K(&HL) f 
MHu2H(RML) 9 
MHu2H<RM£ : ) 9 
Mo(RML) 

HHu2M(BML) f 

MHu2M{RML) 9 



17343 
( 19/19 } 

12742 
(18/18) 

18541 (7/7) 

18942 (7/7) 

13443 (5/5) 

>340 

>300 

>300 



20342(14)* 

15642(5) 

21141(3) 
21149(3) 
».£). 



8 Notation in parentheses indicate inoculum used in initial 

30 passage in 7g(MHu2M) mice. 
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b Mice were inoculated with chimeric prions generated 
in the brain of a Tg{MHu2M) 5378/FVB mouse that had 
been inoculated with a brain homogenate prepared 
from patient EC whc dieTd ot.- sporadic? iCJD. 

5 c Number of mice developing CNS illness divided by the 
number inoculated are given in parentheses. 

d Mice were inoculated with chimeric prions generated 
in the brain of a second Tg (MHu2M> 5378/FVB mouse 
that had been inoculated with a brain homogenate 
10 prepared from patient %C^&o died -of -.."spdradic.:.GJD. 

e Data from (Telling et al. 1994). " ». 

f Mice were inoculatjed^ with ""Mo prions gdriefa'ted- in the 
brain of a Tg (MHu2M) i 5-3 i 7^/FVB mouse tTfet ^had been 
inoculated with. RMI> .Ma priqpis . v. < ^ - r t h : _ SH .... 

15 9 Mice were inoculated"' with' Mo prions^ g£n&rat#& c in the 
bxain of a- stebbnd Tg4MHu2M) 5378/FVB\ mQUS^Xfeat; had 
been inoculated with RML Mo prions . ' iy 

Specificity Of ' ,f cKlnieSric^Pri&hs' f ^a * TSransaenes *<-r 

Non-Tg5378/F^B ..litternja^ps , , which^xpress only 

20 MoPrP c , inoculated" with the chimeric prions have remained 
well for >34 0 4ayk;7 Thus iV^p>pears that^liomcxl&gy 
between, the f s^str^te PrPf >? ^ : i? { 4 r t^he product^ PrP Sc in the 
region- jDound^d. .byvrresidue^?^, ^ 167 is_, essential' fpr 
prion propagation^ Convers^Jy, /; ^Tg (MHu2M) |r|ip/{ 0 .mice are 

25 resistant to Mo prions; they.£av;e remained, w^ll^ for >34 0 
days after inoculation (Table 7 Section B) . ,u -*- e 

Although Tg (Mtiu2M) 5378/FVB mice are'pfernfts.sl^e for 
Mo (RML) prions, the, incubaticm > ,.time of 1?8 C M 3 $X± SEM > 
was protracted compared to that of 127 ± 2 d{± SEM) : for 

30 non-Tg5378/FVB littermates (Table 7 Section B) . Two 
hp.mpgenate§. . derived £ rqm, Tg (MHu2M) 5378 7 FVB mice "were 
inoculated with Mo (RML) prions were . passaged -in 
Tg (MHu2M) 5378/FVB mice and non-Tg littermates. The 
incubation time in the Tg (MHu2M) 5378/FVB mice did not 

35 change while the incubation time in the non-Tg mice 
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shortened to the incubation- time registered for primary 
passage of Mo (RML) prions in these mice (Table 7 Section 
B) . This behavior and. the fact that MoPrP 5 * is made in 
response to inoculation with Mo prions {Telling et al • , 

5 1994) appears to show, that ,Tg (MHu2M) 5378 /FVB mice 

propagate Mo prions from endogenous MoPrP c and not from 

. MHu2MPrP c ; - 

Residue 129 Mismatches Between PrP Sc In 
The Inoculum And Transaene- encoded PrP° 

10 : In Caucasians (Palmar et' ai; ,1991) but hot Asians 

Tateishi and Kitamoto, (1993) Developments" in diagnosis 
for prion diseases.' Br. Med. Bull. 49/971-979 
homozygosity for M or V codon 12 9 has been reported to 
predispose people to development of sporadic CJD/ 

15 Homozygosity at codon 129 in some* Baker et al.y " (1991) 

Amino acid polymorphism in human prion protein and age at 
death in inherited prion disease." Lancet 337, 1286; 
Goldfarb, L.G., et al., "The molecular genetics of human 
transmissible spongif oritr encephalopathy" , • Prion Diseases 

20 of Humans and Animals . S.B. : Prusiner et al . ; eds. 

(London: Ellis Horwood) , pp. 13 9-153 (1992) 'but not 
other inherited pribn diseases diminished the age of 
on£et of CNS dysfunction; Gabizon et al .7 ; (1993) Mutation 
and polymorphism of the prion protein gene in Libyan 

25 Jews with Creutzfelt- Jakob disease. Am. J. Hum. Genet 33, 
828-835 . The Tg(HuPrP)152 mice express HuPrP' with V at 
codon 129 while another "line Tg(HyPrP)440 synthesizes 
HuPrP with M at 129. When Tg (HuPrP) 152/Prnp 0/0 and 
Tg(HuPrP)440/Prnp 0/0 mice were' inoculated with prions from 

30 iatrogenic and sporadic cases/ the shortest incubation 
times occurred when the amino acid residues at position 
129 were the same in PrP c and ' ibculated PrP Sc . 
Tg(HuPrP) 440/Prnp 0/0 mice inoculated with a case of 
iatrogenic CJD from a patient with a M/M codon 129 
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haplotype, -referred to as 364 / exhibited a mean ' 
incubation time bf 164 ± 2 d(± SEM) . ^hil'e the -same 
inoculum produced disease in: Tgi«uPrP)-152/Prjap° /0 mice 
with "a me atv incubation time of- 2531 ± 6 id - SEM) v. Two 
5 cases of sporadic CJD' . derived, from, patients vwith the M/M 
codon 12*9 haplotype'; referred^ to as: EC; and : RG, produced 
disease in Tg (HuPrP) 152/Prnp 0/0 mice with mean iricubation 
times of 254 ± 2 d (± SEM) , respectively (Table 5 
Section B) . : ~ J .i ; ;: . : .. V . • 

10 Tg (MHu2M-P101L) Mice Expressing The GSS Mutation 

r To. produce, a mcpclel pf ( GSS, we^created lines ^pf mice 
carrying the .P10.2L point imitation in both the: MoPrP and 
HuPrP. ..genes,. . The. T^MoPrP-plOlt) 87 „ar\d_174 miqe 
expressing .the.. mutant,^PxP c at high levels developed 
15 disease : sppptanepusly- between- 50 ^an.d 300. d . of, age . (Hsiao 
^.et al.„ -199.4; Hsiao et a.l ., ■ 1.930) ,.. t Jn ..contrast:, line 
designated Tg o (^uPrP-P102L) /FVB r was. observed for ,>7Q0 d 
. . .and upJLike, t>he, Tg {MoPrP- PJ0 JL) mica, did not ^develop 

. , ^spontaneous neurologic disease... : , . v „ . r ^, 
20 ^he successful, transmission pf f^u .pripiig „tp 

Tg (MHu2M)-53^78/FyB mice prpmote^ us ^to, produce. .. Tg.(MHu2M- 
,P1 OIL) 6a/ Pafnp 0 ' 0 mice.. ; Unlike th^ Tg (-H.uPrP-^ 
r .these 0 Tg {MHu2fl-P101lil v mice spontaneously . developed 
r neurologia disease.. . ...The mean, a.ge of w illness in Tg (MHu2M- 

25 ^PlJ201Ij). mice was 362, ± 13 d. <± SEWS.),.. . By, 480 days,_ f -90% 
of Tg (WHii,2M-P12.01li) mice developed CNS dysfunction 
i: (n/n 0 ;= 15/17)..,. An intense , reactive astrocytic, jgli°sis 
was found in the, .gray matter of all mice expressing the 
MHu2]Xl-P1.0lL transgene . at . the time they exhibited signs of 
30 CNS dysfunction.. Modest spongiform degeneration and PrP 
immunoreactivity were found in the white matter of all 
mice examined. Besides the .Tg (HuPrP-P102L) 7/FVB mice, 
additional controls include Tg ( HuPr P ) / FVB , Tg (MHu2M) /FVB 
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and Tg (MHu2M) /Prnp 0/0 mice/ none of which have developed 
CNS degeneration spontaneously. 

Transmission Of GSS Human Prions To Ta (MHu2M-P1Q1I«) Mice 
Although Tg (MHU2M-P101L) 69Prnp 0/0 mice eventually 
5 develop a spontaneous neurologic ' disorder, we attempted 
to determine whether, the illness would appear more 
rapidly if the animals are inoculated. Both wt and GSS 
Hu prions were inoculated . Tg (MHu2M-P101L) 69Prnp 0/0 mice 
were inoculated at about 70 days of age with brain 

10 extract from a GSS patient referred to as J J, who carried 
the P102L mutation, or with ^brain 'extracts -from two 
- sporadic CJp cases (RG and EC- in Table 5) . These mice 
inoculated with prions '-from -the GSS patient J J vdied after 
171 ± 2.8 f d (± SEM) ; * The man age of .247 ± 3 d~(±"3EM> at 

15 which these Tg mice became ill was -more than 100 days 
earlier than : the age at which: uninbculated controls 
developed signs of CMS dysfunction:. Although the 
Tg (MHu2M~P!01L) mice inoculated with, prions f rom the 
sporadic CJD cases have, a .mean incubation time of. 259 ± 

20 10 d (± . SEM}" (n/ri 0 : == 12/15) , these mice were 350 ± 11 d ± 
SEM): of .age 'at . the time of death,. r The age -of these mice 
prevented us : from . concluding, whether they. became ill from 
the inoculated prions or spontaneously as a result of the 
MHu2MPrP^P102L mutant protein. : 

25 Our findings demonstrate that Hu prions from 

the GSS patient carrying the point mutation homologous to 
that in the transgene caused disease more 1 rapidly than 
did wt Hu prions from sporadic cases of CJD. Conversely, 
the Hu prions from the GSS patient have failed to produce 

30 disease >280 d after inoculation in Tg (MHu2M).5376/Prnp 0/0 
mice (Table 6 Section C) ; whereas, Hu prions containing 
wt PrP Ec cause disease in Tg (MHU2M) 5378/Prnp 0/0 mice at 
-190 d (Table 6 Section B) . The onset of illness in the 
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GSS inoculated -mice was relatively .synchronous, with a 
range of 30 d while theionset was -iless uniform, in 
the spontaneously ill and CJD- inoculated Tg(MHu2M- 
P101L) 6 9/Prnp 0/0 mice, with ^ranges of^J2J^.^d^^dz^5-% m ^ 9 
5 respectively. - c l ' •:. ^ >i 7 

Tg (MHu2MtP3:01L) mice inoculated with GSS prions 
exhibited spongiform degeneration, and reactive astrocytic 
gliosis . similar to uninoculated Tg (MHu2M-E101L) mice that 
developed .CNS dysfunction spontaneously.; v. However, the 
10 inocrulrated 'mice showed more neuronal ;>loss i and more 

intense and - widespread GFAP imraunostaining than ■ " 
uninoculated * . spontaneously < ill mice „ "PrP ^accumulation 
3 iwas more intense c. in some §ray ..matfeen r.region& ..such as the 
::f hippocampus : in - theoTg (MHu2MtP101L) .mice vinoculated/with 
15 s :: : GSS . 'prions than.; ther v uninoculated animals ^exhibiting 
. spontaneous i lines sv r ; 1 *l ~" 3^,1 

Uninoculated-Tg,(MHu2M-P101^y69/Pjrnp D /° r mice 1, » 
that J .:deye loped spontaneously did notrliave any: detectable 
prot ease - res i s tant ; Pr^. v 4 PrPo2 7 - 30 1 \ ,on Westlerti blot s . 
20: :i Th£a. f inding.. is- similar ^tocthatv reportedTpreviously with 

Tg(MoPxp--Pl 1 01L*> 87 rarnd. 174 tnide: that also idevelops CNS 
. iilness jspontarieously^ Hsiao, K.K. > riGroth^rD. .Scott, M. , 
;;. .Yangv. :^^-r:L,' / Serban, :rH Rapp;. D.:, ^Foster, iJD: ^Torqhia, 
' -:M.v DeArmond S.'ff.j, .- and, Prusinerv ;:S ^B. t-1^9 9.4):. 1 J Serial 
25 transmission in rodents/ of . neurologic. Idisaase c f rom 
tranagentc - mice: expressing 'mutant prion rprotein . 
• i; -Likewise r :the brain: of the GSS patient ^JJ-.f-rom. which the 
inoculum „was . derived contained .relatively; little ^or no 
detectable PrP 2-7 r 3.0 even;: though numerous P£P :amyloid 
3:0- -plaque^ .were found Hsiao , " K . , - Baker ,■: ~;H .JF . .Crow, T . J . , 
; • .Poiil ter ; : Mv ;> - OWen , F . , z S'erwi 11 iger 7 - J ; D , . Westaway , D . , 
Dtt, J. , . and Priisiner, S.B-. ( 1989 \ ; Linkage of a prion 
protein missense- variant: to Gerstmann-Straussler 
syndrome . Nature 335:342-345. On some occasions, a 
35 weak, diffuse band comigrating with PrP 27-30 has been 
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observed with homogenates prepared from the brain of 
patient JJ. Whether regional, variations in protease- 
resistant PrP are responsible for these inconsistent 
results remains to be established. In addition, no PrP 
5 27-30 was found in the brains of the Tg (MHu2M- 

P101L) 69/Prnp 0/0 mice, inoculated with homogenate prepared 
from the brain of the GSS patient J J at the time they 
were sacrificed after development of CNS dysfunction. 
The relatively short incubation times in the Tg.(MHu2M- 
10 P101L) 69/Prnp 0/0 mice argue that the- brain of -JJ contained 
high prion titers even 'if PrP 27-30^ was- difficult to 
detect. From these results, we~ conclude that PrP Sc 
containing :tfae P102L mutation is probably- less protease- 
resistant than wtPrP or .~ PrP carrying other mutations. 

15 Transmission of Familial CJD : y: \ v : ■ ; 
(E200K) Human Prions To Tg(MHu2M) Mice 

Brain extracts, were prepared, from two patients who 

carried the E200K mutation and died^ of CJD (Gabizon et 

al . , 1993) . The extracts were^ inoculated., into 

20 Tg (MHu2M) 5378/Prnp 0/0 . mice, that developed CNS dysfunction 

. in ,170 ± 2 d (+ SEM,.. n. = 10) for the LJ1 case and -160 d 

for the CA case. In contrast to. the P102L mutation, Hu 

prions from, patients who carried the E2 0 OK mutation 

caused disease as rapidly in Tg (MHu2M) 5378/Prnp 0/0 mice as 

25 Hu prions containing wtPrP Sc from sporadic CJD cases 

(Table 6 Section C) . 

Transgenics - Alternative Method s of Producing ■.: ... ... 

Transgenic mice expressing^ moderate, to high levels 
of wild- type human prion (HuPrP) were originally 
3 0 constructed by microinjecting fertilized FVB embryos with 
, cosmid DNA expressing human Prp. The results of a large 
number of transmission experiments with sporadic, 
iatrogenic and familial prion cases revealed that these 
mice were no more responsive to human prions than their 
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non- transgenic counterparts. We: have demonstrated that 
by- eliminating- endogenous* mouse .<M6-).:PrP expression in 
these- transgenic- mice, transitu s si on^ of human prions 
becomes ; efficient with-, mean dncubat ion .times a^ low as 
5 160 days: ' Expression of even halt; the normal amount of 
mouse^PrP was- sufficient to inhibits human -prion . 
propagation. These results demonstrate that .Mo PrP is 
extremely, inhibitory: for:. .the propagation of human prions 
I in-: transgenic mice; even, though the •■ leve:l : of ..expression of 

10 =JiuPrP\.was approximately. 8 tO;:16-f ©Id higher Jthan Mo PrP. 
These, andithe resoilts ; of: other- genetic ^experiments have 
led" to the notion thatv. a, third- component,; -which; refer 
to as protein; X; must.: feature, in; prion,; propagat ion. 
Evidence rpoiiits to fhe-C-termiTiai: region; of PrP as, .the 

15 location for the protein X binding site. 

The results of these: Experiments ^demonstrate that 
current transgenic -mou^ of human 

prions San he improved'"' Ciptin substantially. Because of 
the iniiibitbiy" ef f~4dts ; " cTf Mc^PrP in mice expressing 

20 heterologous 1 t^ its expression is 

crucial foi: the e£f ici^frt propagation of heterologous 
transtjenfcs, eliminating its expressing is crucial for the 
efficient propagation" o*f~ heterologous prions in these 
tr&nstfehic "'"mice." ' This" catr 1 beP Achieved in one of several 

25 ways. " • ' - - - - 

Homologous Recombination - 

Producing Transgenic Mice 

Crossed With. MoPrP i3ene Ablated, Mice 

tVB mice ! '^xpiressirrg' human PrP genes have been 
30 constructed" las ing~ the'' cds.SHaTet cosmid expression vector 
derived from the" Syrian- hamster (SHa) . The FVB strain of 
mice contain and express the : ndrmal complement of MoPrP 
genes and so one" methoid for introducing the HuPrP 
transgene array into a background in which MoPrP 
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expression is ablated is by genetic crosses between the 
transgenic FVB-derived line and a second line of. 
transgenic mice in which both MoPrP genes were disrupted. 
Mice homozygous for the disrupted Prnp genes were 
5 created. These genetically-altered mice were created by 
a process known as homologous recombination (Thomas and 
Capecchi, Cell 51:503-512, 1987) in which a selectable 
disrupted MoPrP gene was introduced into embryonic stem 
(ES) cells from SV129 mice. Blastocysts of C57BL/6J mice 

10 were injected with SV129 ES cells in which one copy of 
the MoPrP gene had been disrupted thus generating a 
chimeric mouse with one disrupted allele. That mouse was 
mated with a C57BL mouse and the offspring crossed to 
each other to produce null animals in which both copies 

15 of the MoPrP gene were disrupted, referred tp as Prnp 0/0 
mice. Subsequently > these Prnp 0/0 mice were repeatedly 
crossed onto the FVB background. FVB T derived transgenic 
mouse lines Tg (HuPrP) FVB/152: and Tg (HuPrP) FVB/440 were 
crossed with Prnp 0/0 mice. .. Backcrossing . these mice 

20 produced animals in which the only, PrP- molecules that 
were synthesized were those encoded by—the transgene. 

Producing Transgenic Mice Using : 

Fertilized Oocytes From MoPrP Gene Ablated Mice 

The second method for producing transgenic mice in 
25 which the only PrP c molecules synthesized are encoded by 
the HuPrP transgene is by directly microinjecting DNA 
from a vector capable of directing expression of HuPrP. 
Derivatives of the cos.SHaTet cosmid expression vector 
containing the HuPrP open reading frame were used -- 
30 (other expression systems could "be used including a 
cosmid consisting of the cognate HuPrP gene or other 
vectors capable of appropriate expression of HuPrP in 
transgenic mice) . Using embryos from the originally 
created C57BL-derived Prnp 0/0 mice we encountered great 
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difficulty in producing transgenic mice by this method 
because of the poor survival rates. of microinjected 
embryos. These Prnp 0/a mice were * subsequently repeatedly 
crossed onto the FVB background to produce mice -which 
5 were genetically -95% FVB but .which were: also homozygous 
for the gene ablation. By modifying the:_Prnp? /0 miqe in 
this way we now have very high rates- of; production of 
transgenic mice by this method. f 

Gene Replacement ' . r 

10 A different approach 1 to eliminating the inhibitory 

effects of MoPrP would-be^ to create., new .lines of 
transgenic mice : in" which" the endogenous ,MoPr;P genes were 
replaced witfr HuPrP- genes by ; homologous .recombination in 
ES cells. This" g^ne- replacement approach .(.Hasty ^t al . , 

IS ^atAiris '350:243 ^6;: 1591;. :Valancius and: -Smithies, Mol . Cell 
:Fi£>l : . 1^:1402-8^ 1991^)n is : a^ variation, of. the gene- 
insert ion" eiperim^nt- described- ab in which Prnp 0 ^ 0 mice 
were- ereat'ed. r: . ' Ifi g^rie r - replacement /j ;t he sequences .in the 
Input DNA completely r - replace: those in £the htarget ; DNA. 

2 0 T'he ^methbddlog'i^^ tii'at "a.re^ currently available permit 

gene targeting at high efficiency and fidelity so that it 
should in theory be possible to replace- the rWoPrP; gene 
with "the" homologous" HuPrP~genisr in ES -stetti "cells and 
thereby, ^rpduce mice r that are ,hompzygpus for this 

2 5 replacement.,,,-. ... ^ 

. J\fter completing gene replacement with either HuPrP 
of chimeric; MRuZMPrP, t^iese mice are mated to transgenic 
mice expressing high levels of the homologous protein 
such as HuPrP,.or WHu2MPrP . r<f The jnice will express the 

30 highest levels of the ^foreign PrP of interest and possess 
the ..shortest incubation ..times. . For example , mice with 
-50 copies of the MpPrP transgene have incubation times 
of -60 days after inoculation with ~10 6 ID 50 units if the 
endogenous MoPrP genes are ablated; in contrast. 
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incubation times of -4 8 days were found if the endogenous 
MoPrP genes are left .intact (Table 8) . . Alternatively, 
the fertilized eggs from these mice with gene, 
replacements can be micro-injected., with the DNA encoding 
5 either the same PrP gene as that- replaced or a related 
gene . ' • - r • ' 

Creating Mammals Which Express Protein X 

Identifying "the amino acid sequence (s) in MoPrP 
responsible for the binding of mouse protein X and 

10 construct a modified MoPrP gene in ..which the sequence for 
this binding site is mutated. Such a benign MoPrP 
molecule will not interfere with human prion propagation 
in transgenic mice expressing HuPrP because protein X is 
not sequestered by the mutant "MoPrP. , Following the 

15 above -described procedures in which the MoPrP gene is 
replaced with HuPrP or modified .MoPrP genes,, it is 
possible to create transgenic mice expressing HuPrP using 
these new genetic backgrounds -either by genetiQ crosses 
or by direct microinjection; of . a vector capable of 

2 0 directing expression of HuPrP into fertilized embryos 
from these newly-created transgenic mouse lines. 

Use Of Multiple Promoters- To : 

Increase The Level Of PrP Gene Expression 

Further modifications of the currient transgenic 
25 mouse models for the assay of human prions involve the 
production of transgenic mice expressing HuPrP under the 
control of promoter /enhancer sequences from genes other 
than PrP which normally express their gene products in 
the central nervous system (CNS) . Examples of such 
30 promoters include neuron specific enolase (3NTSE) (Farlie 
et al., Natl. Acad. Sti USA 92:4397-4401, 1995) or 
platelet-derived growth factor (PDGF) (Sasahara et al . , 
Cell 64:217-227, 1991). Expression of HuPrP under these 
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circumstances will result in levels of expression much 
higher than- normally -achieved- by ! PrP promoter/ enhancer 
sequences leading to: greatly shortened human priori; 
incubation? times in- transgenic : mice expressing- : these 
5 constructs.' Alternatively, :by creating several -lines of 
transgenic mice in which HuPrP expression is directed by 
a variety of different gene constructs and then mating 
these mice to produce, lines in j^hich .HuPrP was expressed 
simultaneously in a variety iof different cell types in 
10 the CNS, lines of -mice cmayjbe. created -in wl^ichxHuPrP 

expression levels ^ are ^extremely ;high; ( a.nd incji4ba;£ion times 
are exceedingly short. - " J> J . . ; ~ r - 

Mice' Expressing Multiple PrP different i _ >y ... 
Transgenics To Increase The Range 
15 Of Prions To "Which They 1 Are Susceptible i-* t : , -- r - 

-Create lines of ^transgenic mice; simultaneQusly 
e^-ressing ^savfetfai ^different ;f oitiis rof HuPr^ ; deri^d from 
T pat ieiit s "with-polj^morphisms ::arid/or : Vi feh Rations -at 
particular amino eacid . residues rof - HuP^P jJWe . : have ■• 
20 - -re^cetitly ^discovered: ithat Ahuman priqs >propag^ttian v: ,at 
leasts -&n the- casexof q the -.polymorphism^ at? codp;n 1 : 2& and 
the GSS mutation at codon 102, occurs most efficiently 
when the amino acid sequences.:- at - these ^residues: are 
matched xn^PtP^ ±n ^tfe- ztt the 
25 tr^nsgene. r By ..creating a line in which a number of 
, different forms of HuPrP are expressed, prions with a 
variety of different polymorphisms and/or mutations are 
transmitted efficiently to the same host. 
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TABLE 8. 



Prion incubation times in Tg(MoPrP-A) mice 



10 



Incubation Times 

mean d ± SEM 
(n/no) 



Recipient Mouse 


Inoculum* 




Illness 


b 


Death 


c 


(A) . Tg (PrP-A) mice 














Tg(MoPrP-A)4053 


;None 




710±37 


(4/20) 


N.« D . 




Tg(MoPrP-A)4053 


RML 




48+1 


(21/21) 


53+2 


(12) 


Tg (MoPrP-A) 4053 


Tg4053-2 


(RML) 


48±2 


{10/10) 


58±2 


(7) 


Non-Tg 4053 


RML 




127±2 . 


(13/18) 


156±2 


(5) 


Tg(MoPrP-A>4053/ 
Prnp 0/0 


RML 




59+2 


(9/9) 


65±2 


(6) 


(E) Swiss CD-I mice 














Swiss CD-1 C 


RML 




138+1. 


(24/24) 


159+3 


'24! 


Swiss CD-I 


Tg4053~l 


(RML) 


,140 + 3 


(10/10) 


163+2 


(6) 


Swiss CD-I 


Tg4053-2 


(RML) 


138+5 


(9/9) 


169+2 


(€) 



15 



2D 



25 



a Notation in parentheses- indicate, inoculum used 
in initial passage. Single digit following a 
hyphen distinguishes individual mice from a 
particular line . • - : . . .. . 

h The number of mice developing clinical signs of 
scrapie, is shown in parentheses. 



c The number of mice dying of ' scrapie is shown in 
parentheses. Mice that were sacrificed for 
pathologic examination were excluded from these 
calculations. 

d Data from Butler, et al . , J. Vrol . 62:1558-1584, 
1988. - ' '• 
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Further Examples Summarized In Table 9 

Above we have described using homogenized brain 
tissue from human patients dying of human prion disease, 
either sporadic or iatrogenic Creutzf eld- Jacob Disease 
5 (CJD) . By inoculating mice of the invention we have 
shown that it is. possible to transmit human <2JX> to mice 

specifically mice containing the chimeric §ene 
MHu2MPrP. This chimeric gene is a mouse PrF gene with 
the codons located between coddn 94 and coddn -188 

10 replaced with corresponding ebddns from i:C at humah 'PrP gene. 
The chimeric PrP gene MHu2M dif-f^rs from the endogenous 
mouse PrP gene by nine amino acids in the ceriCirai 
location which amino acids are, of course, derived from 
the human PrP gene. Transgenic mice- were created' using 

15 the chimeric gene" -and using microinjection^of fertilized 
mouse embryos f irom "an inbred mouse line called FVB . The 
resulting transgenic niice are referred to as 
Tg (MHu2M) 53 7 8 /FVB or 5378 mice. The brains of these 
transgenic mice, in addition to expressTricf endogenous 

20 mouse PrP also "Sx^iressed 8 trans at 
levels.' eguiya lent,-. to ' #rP c :i ex§r^ssed^in 'human? brain . 

The transgenic mice Tg 5^7-8/FVS ^mice were then 

crossed .with a lih3 -o^ , mipe ...having t he ir :: endogenous PrP 
gene ablated. Specifically-, £tt&y r we re? crossed with 

25. . Prnp-Abl mice .to. .create,- ^ li,n® pf : tr^.ns ; g^ni-c hybdrid mice 
which only- express the MHu2MPrP gene • '• r These: hybrid 
transgenic 'mice are referred 'to as Tg(MHu2M)5378/Abl. 
The expression of the MHu2MPrP transgene in the ablated 
endogenous PrP background provides shorter, incubation 

3 0 times when the mice were inoculated with human prions due 
to the elimination of the- interfering effects of 
endogenous mouse PrP expression. Attempts to breed these 
5378/Abl lines to obtain mice homogenous for the 
transgene were not successful in that the mice developed 

35 an unrelated neurologic disorder. Such is not believed 
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to be due to high level expression of the PrP transgene 
in that other mice expressing high levels of the 
transgene did not show symptoms of this disorder, 
•r. ,:;.r^ 9 * provides : a summary - o f ■- 1 he transmission 

5 experiments into Tg (MHu2M) 53 78/FVB and the hybrid mice 
Tg(MHu2M) 53 78/Afol . The results with respect, to the 

transgenic 53 78 mice appear in column 3 a.nd the results 

for the hybrid -transgenic (53.78/Abl) mice appear in 
- column 4 . A shortened incubation time is. demonstrated by 
10- the hybrid mice- due -to the ablated endogenous PrP gene. 
A control was- nm and .the transgenic mice were 
inoculated wi-th homogenized; brain . material from a human 
that did not .die ..from prion related disease but rather 
. -from. -amyotrophic lateral, sclerosis (ALS ) . Mice 
15 inoculated .with tlxis material ; did not show symptoms after 
530 days. 
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TABLE 9 



Inoculum* ' ' " 


Patient 

'Genotype * * ■ • 


TG <MHu2M) 
S378/FVB 


Tg (MHu2M) 
r S3T8/Abl 


RG(SCJD) 


! ~M/M,129 


1 238 ±' 3' " {8/8) 


' : 191 ± 3' 


•: EC CsGJB) , 3 


M/M, 12 9 


218. ±. 5 .(7/7) 




36^iieJT)) - 


- M/M, 129 


. 232 ±,3 19/9) 


191 ± 6 (8/8) 


■ MA ( gC-JT))~ 


M/M- 12.9 


222 +■ 1 f4/4) 


18Q + 5 (8/8) 


RC;(s€OD)v ;: 


-M/M, -12,9 - 




- 207 ± 4 (8/8) 


WLfsGIP) K . .:, 


: M/I^a.29 ; . <• 




.,181 ± 5 (7/10) 


; i MHuMfl (ECr/> sCJD) , 




,220 ;± 3 (7/7. 


189 i 4 (8/8 


MHuM^2*(EC, SCJP) 




- .226 ± 3 (9/9) - - 


183 ± (7/7) 


rRO(sCJD) K 


; M/M;, 129 ; ^ : 




, 217 2: (9/9) 


E200K-1 (f CJT3) 


M/M, 12 9 and 
E200K 




' 1^ ±2 
(10/10) 


E200K-2 (fCJB) 


M/M # 129 and 
E200K 




179 ± 1 (8/8) 


E200K-3 (fCJD) 


M/M, 129 and 
E200K 




184 ± 4 (8/8) 


E200K-4 (fCJD) 


M/M, 129 and 
E200K 




180 + 9 (9/9) 


E200K-5 (f CJD) 


M/V,129 and 
E200K 




>650 days 
(0/4) 



Experiments re Results Shown in Table 10 

Hybrid mice of the type described above were 

20 produced. Specifically, the hybrid mice with an ablated 
endogenous PrP gene which were then further modified by 
the addition of the chimeric mouse/human PrP gene. 
However, these mice were produced in a manner so as to 
obtain a high copy number of the chimeric mouse/human PrP 

25 gene in an attempt to reduce incubation times. The 
resulting mice expressed approximately 8 to 16 fold 
higher levels of the chimeric gene. However, the mice 
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showed longer incubation times as compared with the 
: original hybrid mice with lower copy, numbers of the 
chimeric gene. The ; results are shown below in Table 10. 



TABLE 10 



Inoculum 


. , Patient 
Genotype 


: Tg(MHu2M) 
3095/Abl 


, Tg (MHU2M) 
" * 3096/Abl 


Tg (MHu2M) 
3305/Abl 


' RG(sCJD) 


M/M,'129 


239 + 4 
(11/11);: 






EO(sGID) 


. M/I£/129 ^ . 




237 ± 5 - 
(11/11) 




364 (iCJD) 


M/M,129 






271 ± 10 

■ (878) 


MA(sCJD) 


M/M, 12a 


• 264 + 7 ..." 
(12/12) 






r RC(sCJD) 


M/M, 12 9 




286 ± 8 
(11/11) 




-ROXsCJD) 


' M/M, 129 r 






234 ± 5 
(10/10) 



Additional Mouse /Human PrP Chimeric Genes 

In order to more closely focus on the particular 
codons within the PrP gene which are related to the 

15 development pf prion disease additional chimeric 
human/mouse PrP genes were created. The three new 
chimeric constructs are referred to as MHu3, Hu3M and 
Hu4M PrP. Ip each of the new .constructs a different part 
of the mouse PrP gene has been replaced with 

20 corresponding codons from a human PrP gene . When these 
chimeric genes are inserted, within the mice such will 
provide further information with respect to which 
. sequences facilitate the conversion of PrP c to PrP Sc more 
efficiently and therefore result in shorter incubation 

25 times. It is possible to change the codons and thus the 
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amino- acid residues throughout the genes. However, 
attention- is, focused on the. central region of . the gene. 
Further, it is possible to change either single amino 
acids or entire segments. 
5 Results re Table 11 (Mutation at PrP Codon 12 9) 

The most common form of inherited human prion 
disease involves a mutation at codon 200 of the PrP gene. 
This mutation results in the replacement of the amino 
; acid-glutamate- with- lysine. The mutation -is^found most 

10 ; frequently among the population of Libyan Jews residing 
in Israel/' * Families having this mutation have Heen 
observed, in other parts of- the. world. Homogenized brain 
tissue from four different individuals « dying with the 
disease * have bereft used ; ci*s an inoCulant J in the &bove- 

i5 described hybrid transgenic mice (specifically 

Tg (MHu2M) 5378/Abl mice) . The incubation times range 
between 160 and 180 days. However > when an inoculant was 
used from a fifth individual who was a Libyan Jew with 
the mutation at codon 200 the mice did not demonstrate 
, : 2 0.. r symptoms ; --of - disease ..- after., .62 Q*. .days f - ; . 

The ability to transmit the disease from the first 
four individuals but not from the fifth is believed to be 
related to 'differences in J the- PrP gene between the 
individuals at codon 129. Specifically, " the? four 

25 individuals whose brain" tissue did allow* for the 

transmission' of* disease tb the hybrid mice were all 
homozygous for methionine" (MET/MET) at codon' 12 9'. 
However, the fifth individual whose brain tissue 'was not 
ablfe' to'* transmit symptoms into the hybrid mice was 

30 heterozygous" Met \Val at codon 129. : 

' ~ Speculation 1 about * the effect' of codon* 129" was 
confirmed by further ' experimentation wherein the 5378/Abl 
hybrid* mice" wer§ inoculated with homogenized brain tissue 
from four different humans who died of fatal familial 

35 insomnia (FFI)' aiid a' case of familial CJD. Transmission 
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was observed to mice from three of the individuals with 
FFI but not the fourth individual with FFI. The FFI 
disease includes a mutation of the human PrP gene at 
codon 178 r-esulting in the replacement of the amino acid 
5 aspartate with aspargine . The FFI disease is seen in 

individuals when the mutated allele encodes methionine at 
codon 129,, The same mutation causes a form of familial 
CJD, but only when the mutated allele encodes valine at 
codon 129- Inocu] ation of the 5378/Abl - hybrid transgenic 

10 mice with familial CJD with codon 178* mutation has not 
resulted in the demonstration . of symptoms of prion 
disease after 280 days. These experiments further 
emphasize the importance of codon 12 9 with respect to the 
transmissibility of human prion disease. 

15 Brain tissue was extracted from two human 

individuals who died of GSS which individuals showed a 
mutation of the human PrP gene at codon 102 which 
mutation resulted in replacement of Proline with Leucine. 
The brain tissue was used to inoculate the 5378/Abl 

2 0 hybrid transgenic mice described above and the mice did 

not show symptoms of disease after 560 days. 

Different transgenic hybrid mice were then produced 
which mice were similar to the 5378/Abl mice but which 
mice had their PrP gene changed so that the PrP gene 
25 encoded Leucine instead of Proline at codon 101. When 
these mice were inoculated with the homogenized brain 
tissue from the same individuals who died of GSS the mice 
showed symptoms of disease at approximately 200 days as 
shown in Table 11 below. These experiments show that 

3 0 homology between PrP Sc in the inocula and the transgene- 

expressed PrP appears to be necessary for a efficient 
transmission of human prions to the transgenic mice. 
Specifically, the mice Tg (MHu2M-P101L) 6 9/Abl did 
demonstrate symptoms apparently due to the mutation at 
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codon 101 which matched the mutation of the humans who 
died of prion disease. 

Brain tissue from other individuals dying of GSS 
were obtained Wherein those individuals showed .mutations 
5 at codons 117, 145 and 217. . This material was used to 
inoculate the 5378/Abl mice and vdid not result in 
producing symptoms. Mice could be produced wherein the 
PrP gene of the transgenic hybrid mice had mutations 
matching the human individuals which died (at codons 117, 
10 145 and 217) and such mice . wou] d be expected to show 
symptoms cf disease after approximately 200 days (± 50 
days) being inoculated with homogenized brain tissue from 
the GSS individuals . 



970481 4A1_I_> 



WO 97/04814 



PCT/US96/12510 



- 102 - 
TABLE 11 



T no a u 1 1 1 m 


Patient 
Geno tvoe 


Tg (HuPrPV129) 
152HOZ/Abl 


Tg (MHU2M) 
5378/Abl 


RG(sCJD) 


M/M, 129 


212 ± 3 (8/13) 




on fsGTD) 

l-i w lO \v w J-/ / 


M/M 12 9 
j i / j i , j. ^ -? 


204+5 (4/14) 




RP(sCJD) 


V/V, 129 


204 ± 6 (4/12) 




D178N(FFI> 
Patient A, 
Region 1 


M/M, 129 and 
' D178N 




193 ± 5 (9/9) 


D178N(FFI) 
Patient B, 
Region 1 


M/V, 129 and 
. D178N 


. . - : - ; - ... 


. ,246 ± 0 (1/10) 


D178N(FFI) 
Patient B, - 
Region 8 


M/V, 129 and 
D178N 


. . : . : • .' f '•• • 


>250 ± 0 (0/10) 


D178N-C(FFI), 
I Patient C, 
Region 1 


. M/V, 129 and 
JDX78N 


1 ■ >.r. : • :• . 


222 ± 7 (7/9) 


D178N(fCJD) 
Patient D, 
Region 6 


M/M, 129 and 
I>178N 




206 ± 7 (7/7) 


D178^D(FFI) : 
Patient D, 

* Region. 7 


M/M/ 12? ,and 
D178N 




213 ± 0 (1/10) 


Dl78NrD(PFiy _\ - 
Patient p, 
Region 1 


M/M, 129 and 
D178N 




„ 232 ± 9 (5/7) 


D178N(CJD) 


V/V,129 and 
D178N 




>280 days 0/10 


JJ(GSS) 


V/V, 129 and 
F102L 




>4 00 days 
(0/10) 


JJ(GSS) 


. V/V, 129 and 
P102L 




>2 50 days 
(0/10) 


- - JB(GSS) . 


M/M, 129 and 
P102L 




>250 days (0/8) 


GSS 


V/V, 129 and 
A117V 




>250 days (0/9) 


GSS 


V/V, 129 and 
Q217R 




>560 days (0/8) 
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Results re Table 12 (Further Mutations) 

Based on the results 1 , shown above in Table 11 it can 
be concluded that certain genetic manipulations in the 
PrP gene of- a^ 4^ransgenip .mouse -are-, desirable when- -using 
5 the transgenic mice to detect th> presence of prions from 
a 'specific "infected " Individual J""' ffi&reT specifically, it 
can' Be seen that 'it "is" desirable" to colnstYizct""a""cliimeric 
"gene "of a transgenic mouse 'so/asT to "inciucfe*"a mutation at 
"a par'ticular point (e\gjy."at~^ PrP 
10 gene. 'Which corresponds to codofi- 102 ;of a human -PrP gene) 
- ' - which point "mu t "at i' on" tMtldfte & ar Tia t urjai " ffiuta t loh * in an 

individual who died of prion .infection and -*whos*e brain 
- tissue-xs^used" as ,M Inocuiairt * in" the" trans^genic" mouse . By 
matching the mutation irf the i PrP- chimeric : gene--.of the 
X5 -transgenic- mouse -with- -t-&«- mutation- in- -the*-' i : hdivirdu^l from 
whom , the inoculant is obtained: i/t '* is' pofeslfele .Jbo detect 

.th^ px^aence ^of . ^ions-...iru..tlieL inaculant. ..?thusV .a. ^ 

transgenic mouse with S€?v4xal dif fterent PrP g^nes teach 
with _a_^ .^3^he . V^ith. several 

20 different point (codon) jmtitationsv would : be f Expected to 
develop disease when inoculated with an inoculant _ 
containing all or any one; of -the - prions rf rom/iindividuals 
'with different genetic mutations* in the PrPjgehe. !; 



TABIiE 'ij 



inoculum — 


Patient ' 
- Genotype-— 


" Tg(MHu2M) 
- 5378/AfeO- 


1 Tg (MHu2M- 
P101~l,>69Abl 


, JJ(GSS) 


V/V,129 




' Woo days (0/10) 


171 ± 3 (10/10) 


JJ(GSS) 


V/V,129 




. >250 days (0/10) 


164 ± 10 (9/9) 


r,L . . ' ■' jb 


. . M/M„129- . .. 


. >250 days. ,.{0/.3.0.) . 


: J:170 ± 5 (15/15) 
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Results re Table 13 

Transgenic mice expressing a human PrP gene were 
originally produced using embryos of FVB mice via 
microinjection of DNA. Two different lines of : mice 
5 expressing human PrP gene with valine at codon 129 were 
used for transmission experiments. The lines are 
referred to as Tg(HuPrP, V12 9) 152 /FVB and 110 /FVB. In 
general, the success rate in transmission of : human prions 
to these transgenic mice was found to be no higher than 
10 transmission of human prions to non- transgenic mice. It 
is pointed out that these mice do not have an ablated 
endogenous PrP gene and do not include a chimeric 
mouse/human gene. The results are shown in Table 12. 
However, an exception was observed for one inoculum 
15 wherein the inoculum was obtained from an individual 

■ dying of iCJD. This inoculum was capable of transmitting 
human prions to mice at a rate of .about 2 in 10 after 589 
v "days;"' — ■ ~- • 



■ -~ ~ TABLE lr3 - - 



Inoculum 


Patient 
Genotype 


TG{HuPrP V129) 
_■ . - 152/FVB- 

■■mi ■■—■mi — aMMBMUEl III! 1— wc 

>570 : (0/10) . 


Tg(HuPrP V129) 
110/FVB 


RG(sCJD) 


,M/M,12 9 . 




364 (iCJD) 


M/M, 129 




>800 days (0/10) 


170 (iCJD) 


M/V f 129 




589 ± 0 (2/10) 


D178iJ-A(FFI) 


M/M,129 and 
D178N 


>500 days (0/10) 
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Results re Table 14 

The- transgenic mice described above which included 
the entire human,, PrP : gene , r were, jiot susceptible to 
infection with, human prions, as shown, within Table 13. 
5 However, these mice were crossed with mice having an 
ablated PrP gene to .produce hybrid mice ref erred to as 
Tg(HuPrP 7 V129)152/Abl mice * _ The results are shown below 
in Table 14, indicating that. it„ was. possible to . transmit 
human prions, to. these, hybrid mi ; ce haying the endogenous 
10. PrP gene ablated, „ . ^ e ^ . ..- _ ( , ^ : , r 

, w : ^ TAftLE 14 , { , . 



Inoculum 


i -~p'atxes&t:- ; £ 
Genotype 


r Tg CHuPrB, ; V12 9 ) i 
152/Abl 


, Tg-<HuPrP, V129) 
i52HOZ/Ab 


RG(sCJD) 


M/M,129 


263 ± 2 (6/6) 


212 ± "3 ^(B/13) 


EC(sCJD) 


M/M, 129 


254 ± 5 (9/9) 


203 + 5 (4/14) 


364 (iCJD) 


M/M, 12 ? : 


262 ± 8 (6/6) 




RP (SCJX>) 


V/V,129 




204 ± 6 (4/12) 



- — ^ -Summa-rv -e f Re^u Ife s- - T able .» 1*5* 1 „ J ~ — - 

-The -hybrid^ mfc^^descrlhed^aJiove.. with . the? ablated 

1. : -ehdoge'nous- Fr~P- gene~-were- mat ed_: together .to^produce 

^homoiygous-mice -for-the -transgene: MKray^ I: The^ :mice were 
referred to, as. Tg.(HuPrP, V12S) 152;; HOZ/Abl . -These mice, 
^ * p]^uy^ iram&ft^rPV--- The 

incubation time for these mice was shorter than the mice 
described above with respect to Table 13. In addition, 
25 transgenic hybrid mice were produced which expressed 

methionine 12 9 from the human PrP gene. These mice were 
referred to as Tg(HuPrP, M129) 440/Abl . These mice 
demonstrated a very short incubation time when inoculated 
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with human prions . It would be expected that by breeding 
these mice to produce .homozygous mice would further 
reduce the incubation time. 



TABLE 15 



5 


inoculum 


Patient , 
Genotype 


TgfHuPrP M129) 
440/Abl- 




RG(sCJD) 


M/M,129 


165 ± 4 (7/7) 




EC(sCJD) 


M/M, 129 


157 ± 3 (7/7) 




364 (iCJD) 


M/V, 129 


164 ±2 (7/7) 


10 


MHu2M- 1 (EC , SCOTD) 




175+3 (6/6) 




MHU2M-2 (EC,sCJD) 




182 ± 2 (9/9) 



The instant "invention" £s- shown 'and described 
herein in what is considered to be a most practical and 
preferred embodiments. It is recognized, however, that 
15 departures may be made from which are within the scope of 
the invention and that modifications will occur to one 
who is skilled in the art upon reading this disclosure. 
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CLAIMS. , , . ... . 

1, A standardized prion preparation produced .by the 
process comprising : 

producing a plurality of non- human host mammals each 
5 having a genome which is! substantially identical in terms 
of genetic materials related to a PrP gene, which mammals 
are' susceptible *to^ infection w-irfeh"^ prio^wbi^h general ly 
only Infect an animal "wh^dh is! genetically diverse from 
the host animal; » : „ . ^ 
10 * 7 inoculating the :?Eostf, jnamntals" with™a_"pribh^ containing 

1 composition; . - — _ s \ 

| 7 m . 7pbserving' th^jT InairSma 1 s~ un t IT .. t&e roamm^ig , exhibit 

,; symptoms of prion ^ infection; ; _ . (r , } 

^^^^g^^^^g^rgjg %Wi^ TtM rhe^ammals ? ' exhibiting 

15 symptoms of prion infection; and 

..fhomogeniping .the, fec^rv^sted v brain .tissue , to provide a 
standardized ppipn . preparation. 
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2. The prion preparation, of claim 1, wherein 
the host mammal is selected from the group 
consisting of a mouse, a rat, a hamster, a rabbit, and 
guinea pig; - : - 

5 further wherein the exogenous PrP gene comprises a 

nucleotide sequence corresponding to that of an 
endogenous PrP gene of a genetically diverse mammal 
selected from the group consisting of human, cow, sheep 
and horse; ( : 

10 further wherein the host mammals have an artificial 

PrP gene operatively inserted into their genome which PrP 
gene renders the host mammal susceptible to infection 
with prions which normally "infect only a genetically 
diverse test " animal wherein the 'gene is comprised of a 

15 natural codon sequence of a 'PrP. gene of the host mammal 
with one or more, but not all, of 7 its - codons replaced 
with a different cbdon of a natural PrP gene of the 
genetically diverse test animal; 

still further wherein the.^ host mammals have their 

20 endogenous PrP -g£ne ablated and. have \ an exogenous PrP 
gene operably inserted into their genome : 
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3. The vstandardize.d „p^ion ^preparation of claim 1, 
wherein the -.transgenic host is prpduced using a chimeric 
gene, ^comprising- - - ; ; ^ - : 

C- terminus and N- terminus codon sequences of a PrP 
5 gene of a mammal of $ first genus ; ^ . 

codon sequences „of a rI?r-P gene, of a imammaL of a 
second genus operatively : -Gonnected : between the N-terminus 
and .C* terminus codon sequences f^om- the ^mammal; of the 
first genus, wherein the chimeric gene renders a mammal 
10 . of the. -f irst, genua susceptibly to, infection ^with a prion 
normally inf eGtiou$ t QnlY t© ; a mammal : pf- the .second genus 
when : the ^chimeric ^gene isroperafely inserted -into the 
genome i ofra .^mammal of ithe first :gejius> : cwherein ; the first 
genus is selected nfrom th# -group .consisting of -Mus>, 
lBvRattus;- Oryctolagus, -and --Mesocricetus, ^nd^further 
r -wherein .'the ^second igenus :>is ^selected rfrom the group 
consisting rof . Bos> -Ovis, -Stts, :^nd. Homo . . , -■ 

• \» --\4.. iThe;r;standardiz;ed;:pra^^ claim 3, 

..whereinc the mammalriof athe - first g.enus r ;i? a,, mouse .-and ,the 

2 0 mammal of thersecondv>genu3r isi: a kuBian, = : t - - - . 

5 . A method of testing a sample for the presence 
of prion, comprising: 

inoculating a first non-human mammal with the 
sample, wherein the first mammal has an altered genome 
25 rendering the first mammal susceptible to infection with 
a prion which generally only infects a genetically 
diverse mammal; 

inoculating a second non-human mammal with the 
standardized prion preparation of claim 1, wherein the 

3 0 first and second mammals each have a genome which is 

substantially identical in terms of genetic material 
related to prions; and 
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observing -the first and second mammals in order to 
determine; if the mammal develops symptoms of prion 
infection and using the second mammal as a control to 
judge when a mammal will develop symptoms of prion 
5 infection when inoculated with prions. 

6. The method of claim 5, wherein the sample used 
to inoculate the first mammal is selected from the group 
of samples consisting of (a) a pharmaceutical formulation 
containing a therapeutically active component extracted 

10 from an animal source, (b) a component extracted from a 
human source, (c) an organ, tissue, body fluid or cells 
extracted from a human' source, (d) a "formulation selected 
form the group consisting of in jec tables, orals, creams, 
suppositories, and intrapulmonary delivery formulations, 

15 (e) a cosmetic, and (f) a pharmaceutically active 
compound extracted from a mammalian cell culture. 

7. A transgenic host animal having a genome 
comprised of a PrP gene rendering the hosts animal 
susceptible to infection with pirons which infect and 

2 0 cause disease in a genetically diverse test animal; 

wherein the PrP transgene is comprised of a PrP gene 
native to the host animal with one or more of its codons 
replaced with a corresponding codon of a PrP gene of the 
genetically diverse test animal and wherein one or more 

25 of the replacing codons of the genetically diverse test 
animal is a codon indicative of a prion disease in the 
genetically diverse test animal. 



8. The transgenic host animal of claim 7, wherein 
the host animal is selected from the group consisting of 
30 a mouse, a rat and a guinea pig and the genetically 

diverse test animal is selected from the group consisting 
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of a human, a sheep and a. cow, and further wherein the 
endogenous PrP gene of the host animal is ablated, 

9. The transgenic host, animal, of claim 8, wherein 
the host animal is a mouse and the genetically diverse 
5 test animal is a human and the replacing codon of the 
human PrP gene is a codon located at a position selected 
from the group consisting of r 102 , 129 and 145, 

: 10. The transgenic hast, animal ^s claimed in claim 
8, wherein the host canimal is a mouae , _t;he geentically 
10 diverse test animal, -is a human stnd t;fre mouse PrP gene at 
codon 101 is replaced with *_a\ corresponding.; hutrian codon at 
- position 102 . i . r ; *-;::. . :: r •. 
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Primer with 
Asp718 site 



BstEII 

• 1 - 



R94 



i 



Cut PCR product 
with Asp718/BstEII 

R188 



Asp718 



BstEii 
cosSHaTet 



[ Tg(MHu2M)FVB-B5378] 

FIG. 1 



9- 



Xhol 



Asp718 

J. ■ 



MoPrP 



J Asn 
96 
J 



Human Ser 
97 



Leu Val 
108 111 



Met Asn Trp Tyr Val Gin 

137 "42 144 154 165 167 

I N » Jl 



Met Met 
109 112 
L I 

3R 



ile Ser Tyr His Met Glu 
138 143 145 155 166 168 



BstEii 




JvioPrp 



FIG. 2 
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Mo Met Ala Asn Leu Gly Tyr Trp Leu Leu Ala Leu Phe Val Thr Met Trp ;e 
Hu Cys Met Val Ala Thr 

Mo Thr Asp Val Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly Trp Asn 32 
Hu Ser Leu 

Mo Thr .Gly Gly Ser Arg ,Ty.r_ Pro G*lV.:fiJn. Gly, Sfir ..Pro Gly Gly Asn Arg 4 b 

Mo Tyr Pro Pro Gin Gly ,Qly Thr Trp Gly Gin Pro His Gly Gly Gly 63 

Hu Gly Gly 

Mo Trp Gly Gin Pro His Gly Gly Ser Trp Gly Gin Pro His Gly G-ly; Ser 
Hu Gly-.- ~ Gly 

Mo TrprGly GltT Pxro~ His Gly Gly^Gly : Trp Gly Glh* Gly Gly' Gly Thr His 95 

Mo Asn Gin Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn Leu Lys His Val 111 
Hu Ser ' Met Met 

Mo Ala Gly Ala Ala Ala Ala.Giy, Ala.Vaa Val Gly Gly Leu Gly Gly Tyr 127 

Hu 5 V; V * ] Vi\.r1 r :>, ~ * 

Mo Met Leu Gly Ser Ala Met Ser Arg Pro Met lie His Phe Gly Asn Asp 143 

Hu >-vr*; / He Ser 

Mo Trp Glu Asp Arg Tyr Tyr Arg Glu Asn Met Tyr Arg Tyr Pro Asn Gin 159 
Hu Tyr His 

Mo Val Tyr Tyr Arg Pro Val Asp Gin Tyr Ser Asn Gin Asn Asn Phe Val ns 
Hu Met Glu 

Mo His Asp Cys Val Asn He Thr He Lys Gin His Thr Val Thr Thr Thr isi 



Mo Thr Lys Gly Glu Asn Phe Thr Glu Thr Asp Val Lys Met Met Glu Arg 207 

Hu' , r 

Mo. Val Val Glii Gin tifefcT Oys ViT Thr Gin Tyt 33ln Lys Glu cS^r Gin Ala 223 
Hu \ , > , He \ Glu Arg 

, Ho^'^^;^ Val' Leu Phe St>r S*r . Pro 239 

'hu\;.;v : : :'- : >/ : A' '61^-^^ ririr^v.-' 1 ^Gly^v '-...Met . .V-.V *jl k.^'.,. ^/ 

Mo Pro Val ,Ile Leu Leu He Ser Phe X^u, He Phe Leu lie,, Val ply 254 
Hu 

o9: r. ♦ ^> *r C : * s ■ 

Figure 3: Predicted amino acid sequence bf mouse PrP and the amino acid 
differences between mouse and human PrP. 
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Ko 
Bo 


Met 


Ala 

Val 


Asn 
Lys 


Leu 

Ser His 


He 


Gly Tyr Trp Leu Leu Ala Leu Phe Val Thr 
Ser He Val Ala 


Ho 
Bo 


Met 


Trp 


Thr 
Ser 


Asp Val 


Gly 


Leu Cys Lys Lys Arg Pro Lys Pro Glv Glv io 


Mo 

BO 




Trp 


Asn 


Thr Gly Gly 


Ser Arg Tyr Pro Gly Gin Gly Ser Pro Glv <s 


KO 
Bo 


Gly Asn 


Arg 


Tyr Pro 


Pro 


Gin Gly Gly Thr Trp Gly Gin Pro Hi* *rt 

Gly Gly 


Ko 
Bo 


Gly Gly 


Gly 


Trp Gly Gin 


Pro His Glv Glv Ser Tra Glv Gin d^*-* ~ 
Gly 


Ho 
Bo 


Gly Gly 


Ser 
Gly 


Trp Gly Gin 


Pro His Gly Gly Gly Trp Gly Gin 90 

Pro His 


Ko 
Bo 












Gly Glv Glv Thr His A&ti Gin -Ttt% a or* * 
Gin Gly 


Gly 


Gly 


Gly 


Gly Trp 


Gly 


Ko 
Bo 


Pro 


Ser 


Lvs 


Pro Lys 


Thr 


Asn L^U IjVS Hi ^ Ua 1 Ala fSl \r Ala ft *i > i . 
no " Xijro wax Ada vyi y AXo AXa Ala 1X6 

Met 


Ko 
Bo 


Ala 


Gly 


Ala 


Val Val 


Gly 


Gly Leu Gly Gly Tyr Met Leu Gly Ser Ala m 


Ko 
Bo 


Met 


Ser 


^9 


Pro Met 

-Leu 


He 


has rne wiy Asn /i&p i rp bxu Asp Arg xyr 146 
Ser Tyr 


Ko 

Bo 


Tyr 


Arg 


Gl ii 


Asn Met 


Tyr 

His 


«Ay Ayr rro Asn bin vai ryr Tyx Arg Pro 164 


Ko 

&o 


Val 


Asp 


Gin 


Tyr Ser 


Asn 


ujlzi iwu «sn rne vax tixs Asp v*ys Val Asn 180 


Mo 

3© 


lie 


Thr 


jLi.e 
Val 


Lys Gin 

Glu 


His 


Tnr val Tnr Tnr Tnr Tnr Lys Gly Glu Asn 200 


Mo 

&o 


Phe 


Thr 


Glu 


Thr Asp 


Val 

11® 


Lys Met Met Glu Arg Val Val Glu Gin Met 212 


Mo 

Bo 


Cys 


Val 


Thr 


Gin Tyr 


Gin 


Lys Glu Ser Gin Ala Tyr Tyr Asp Gly Arg 22a 

Gin 


Mo Arg 
Bo 


Ser 
Gly 


Ser 
Ala 


Ser Thr 
Val 


Val 
He 


Leu Phe Ser Ser Pro Pro Val lie Leu Leu 244 




lie 


Ser 


Phe 


Leu lie 


Phe 


L®u Ii@ Val Gly 254 



BO 

Figur 4 ; Predict d amino acid sequence of mouse PrP and the amino acid 
differences betw en nous and bovin PrP 
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Mo Met Ala Asn Leu Glv Tvr Trn t^.. »i 

sh *r i r * - y y ? ~ eu Leu Aid Leu Phe Val Thi- 

Sh /al Lys Ser His lie Ser lie *v*i * Th ^. 

. r " ' Ala 

Mo Met Trp Thr Asp Val Gly Leu Cys Lys Lys Arg Pro Lys Pro Gly Gly J3 

- Trp Asn Thr Gly Gly Ser Arg Tyr Pro Gly Gin Gly Ser Pro Gly „ 



Mo 
Sh 



Mo Gly Asn Arg Tyr Pro Pro Gin Gly Gly — Thr Trp Gly Gln Pro ^ ^ 

^ Gly Gly 

Mo Gly Gly Gly Trp Gly Gin Pro His Gly Gly Ser Trp Gly Gin Pro Hit „ 

■ . ; * Gly ■ . . . .. 

Mo Gly Gly Ser Trp Gly Gin Pro His Gly Gly Gly — Trp Gly Gin Gly „ 

- ' ■ ■ " ■ -: Gly . 

X QlY ££ S Hi* ser ^ ^ Pr ° LyS Pr °" L ^ s Th - ^ ™ 
^ **\ A1 * Ala ^ Vai Vii" Gly^ Gly l23 

Mo Leu Gly Gly Tyr Met Leu Gly Ser Ala Met Ser Arg Pro Met He His* 1Jt 

'■' ' • f - > - ... . . • Letx. ; s ...^ 

Mo Phe Gly Asn Asp Trp Glu Asp Arg Tyr Tyr Arg Glu Asn Met Tyr Arg iss 

-V*"*" ••• r c: '? Tyr ., v-: . . .... 

Mo Tyr Pro Asn G& Val Tyr Tyr Arg Pro Val Afcp Gln Tyr Ser Asn Cl* 171 

Mo Asn Asn Phe Val His Asp Cys Val Asn II* Thr lie Lys Gln His Thr i„ 

: -;v fe V T iTr ^ ^ ^Y?. 1 ,, 

Mo Val Thr Thr Thr Thr Lys Gly Glu Asn Phe Thr'aiu Thr ^Asp VaV Lys* aox 

V .TJ :^ ^:T- . ; . i7 : , ^ .„;,..,,.. _„ He 

Mo Met Met Glu Arg Val Val Glu Gln Met <£' V^Tte' <ai : TyV Cl^ Ly. 31 , 

iV- -«v ..... „r, ^ y ;v , r,,, 11 ' , Arg 

Mo Glu Ser Gln Ala Tyr Tyr Asp Gly Arg AVg Ser Ser Ser Thr' Val Leu a» 

. ;o ■:■■£.. a v - . Gln — Gl * ai« v «i h. 

McrPhe Ser Ser Pro Pro Val lie Leu Leu lie Ser Phe^ Let lie" Phe Leu »: 

Mo lie Val Gly " ' "' '"^ ' z ' - 

ah ■ ..• : "* 

Pigure 5: Predicted aminbr.acid sequence of mouse PrP and the amino acid 
differences between mouse and sheep PrP ne amin acxa 
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